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Field of the Invention 

This invention relates to methods of identifying modulators of presenilin or 
5 catenin pi 20 or variants thereof and their use in the treatment of conditions in which 
abnormal activity of presenilin or catenin pi 20 is implicated such as Alzheimer's 
disease. 

Background to the Invention 

10 Presenilin 1 and the closely related presenilin 2 (PS1 and PS2) are membrane 

proteins predicted to span the membrane eight times. Presenilins are ubiquitously- 
expressed at low levels and are located within the cell primarily in the endoplasmic 
reticulum (ER) and the Golgi apparatus, although presenilins have been localized to 
the plasma membrane in neuronal cells and COS-7 cells as well as to neuronal large 

15 dense-core granules and clathrin coated vesicles. Co-localization of PS- 1 with 

kinetochores on the inner nuclear membrane has also been observed. Most cases of 
early onset familial Alzheimer's Disease (AD) are caused by mutations in the 
presenilin I gene. Presenilins play a role in the processing of amyloid precursor 
protein (APP) which is also implicated in early onset AD (reviewed by Selkoe, 

20 1 998). Co-immunoprecipitation experiments have shown that PS1 and PS2 interact 
directly with the immature forms of APP in the ER where the disease-associated 
amyloid P I -42 peptide (Ap42) is probably generated (Xia et aL, 1997; Weidemann 
et aL, 1997). Links between presenilin function and the generation of A042 via 
intra-membrane cleavage processing of APP have been clearly demonstrated in 

25 transgenic mouse models. Presenilins may play a role in the cleavage of APP through 
interaction with the as yet unidentified protease termed y-secretase or, as has 
recently been suggested presenilins could be the y-secretase themselves (reviewed in 
Haass and Mandelkov, 1999). 

Presenilin is also involved in other biological pathways. One report suggests 

30 that PS1 directly binds tau and a tau kinase, glycogen synthase kinase 3beta (GSK- 
3beta) and proposes that the increased association of GSK-3beta with mutant PS1 
leads to increased phosphorylation of tau (Takashima et al. 1998). 
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Presenilins are also known to play an important role in Notch signalling 
dunng early embryonic development and/or cellular differentiation (reviewed bv 
Anderton, 1999). At least one recent report claims a direct interaction between ' 
Notchl andPSl. These results might suggest that the genetic relationship between 
presenilins and the Notch selling pathway derives from a direct physical 
association between these proteins in the secretory pathway (Ray et al, 1999) 

Presenilins have also been demonstrated to interact with members of the 
armadillo protein family which are characterised by a series of 42 amino acid 
imperfect repeats that have been implicated in protein-protein interactions. 

Yeast 2 hybrid experiments and/or immunoprecipitation experiments have 
previously shown that widely expressed P-catenms and p.akoglobin/y-catenins and 
another armadillo-protein, P 0071 interact with PS1 (e.g. Kang et al., 1999- Stahl et 
•I.. 1999; Zhang et al., 1998; Zhou et al., 1997b; Yu et al., 1998). A neuronal- 
specific armadillo protein-neural plakophilin-related armadillo protein (NPRAP a 
longer version of a sequence previously termed 6-catenin [Zhou et al., , 997a]) Jlso 
interacts with PS, (Levesque et al (,999)). Not all of these interactions are supported 
by all stud.es, for example Levesque et al (,999) did not find that p,akoglobin/v- 
catenin interacts with presenilin. 

It has also been reported that loop regions of PS, and PS2 interact with 
nonmusCe filamin (actin-binding protein 280, ABP280) and a structurally re,ated 
protein (filamin homolog 1, Fhl) (Zhang et al., ,998). 

Catenins were discovered as proteins that are Jinked to the cvtoplasmic 
domain of transmembrane cadherins. Among these junctional plaque proteins are 
several members of the Armadillo gene family: P -catenin, plakoglobin, and catenin 
P120 (p,20ctn). The human p,20ctn gene comprises 2, exons, potential encoding 
up to 32 protein isoforms as products of alternative splicing (Keirsebilck et al, 1998) 
Human isoforms, designated 1 to 4, differ from each other by the start codon used 
Addmonal isoforms are derived from combinations with alternatively used exons A 
(exon 1 8) and B (20), near the end of the open reading frame, and also with exon C 
(1 1) in the middle of the open reading frame. Hence, the longest isoform is of type 
1 ABC and comprises 968 amino acid residues. The functional consequence of the 
observed multitude of P 120ctn splice variants is unclear but there are tissue-specific 
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expression level differences. The exon organization, which is not simply related to 
the Armadillo repeat structure, is very well conserved between the p!20ctn gene and 
the related ARVCF gene, but not at all between these two genes and the P-catenin or 
plakoglobin genes. 

5 

Summary of the Invention 

The present invention is based on a novel direct action between a presenilin 
and a protein, catenin pi 20. 

The DNA and predicted amino acid sequence of catenin pi 20 have been 
10 previously deposited in public domain databases but this gene product has not 
previously been shown to interact with presenilin. 

The interaction between presenilin and catenin pi 20 provides a new 
therapeutic intervention point in disorders involving defective presenilin function, 
and more specifically in Alzheimer's disease. In addition catenin pi 20 is now 
15 proposed as a target for identifying agents which may be useful in the treatment of 
Alzheimer's disease. 

Accordingly the invention provides: 
a method of identifying a modulator of presenilin function, the method comprising: 

(i) providing 

20 (a) a polypeptide capable of binding a presenilin, which 

polypeptide comprises the amino acid sequence of SEQ ID 
NO: 1 or a functional variant thereof or a functional fragment 
of either thereof which is capable of binding to a presenilin; 

(b) a presenilin or a variant thereof or a fragment of either thereof 
25 capable of binding to a polypeptide which comprises the 

amino acid sequence of SEQ ID NO: 1; and 

(c) a test substance 

under conditions that would permit binding of (a) to (b) in the absence of (c); 
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(11) monitoring presenilin mediated activity; and 

(iii) determining thereby whether the test substance is a modulator of 

presenilin activity. 
In a further aspect, the invention provides a method for identification of a 
compound that modulates catenin P 120 activity, which method comprises: 
0) contacting a catenin P 120 polypeptide comprising 

(a) the amino acid sequence of SEQ ID NO: 1 ; or 

(b) a variant thereof or a fragment of either thereof which 
maintains a catenin p!20 function; with a test compound and 

(n) monitoring for catenin p!20 activity thereby determining whether the 

test compound is a modulator of catenin pi 20. 
The invention also provides: 

- a modulator identified by a method according to any one of the preceding 
cla im s lor use in a method of treatment of the human or animal body by therapy 

- use of a modulator identified by a method according to any one of claims 1 to 
10 m the manufacture of a medicament for the treatment or prophylaxis of a disorder 
that is responsive to modulation of presenilin activity; 

- use of a polypeptide capable of binding a presenilin, which polypeptide 
compnses the amino acid sequence of SEQ ID NO: 1 or a variant or fragment of 
SEQ ID NO: 1 which is capable of binding a presenilin in the manufacture of a 
medicament for the treatment, prophylaxis or diagnosis of a disorder that is 
responsive to modulation of presenilin activity; 

- use of a polynucleotide which encodes a polypeptide as defined in claim 13 
or a catenm pl20 polypeptide as defined in claim 9 comprising: 

(a) the sequence of SEQ ID NO: 2; or 

(b) a sequence that hybridizes to the complement of SEQ ID NO: 2; or 

(c) a sequence that is degenerate as a result of the genetic code with 
respect to a sequence defined in (a) or (b); or 

(d) a sequence that is complementary to a polynucleotide defined in (a) 
(b)or(c); 

in the manufacture of a medicament for the treatment, prophylaxis or diagnosis of a 
disorder that is responsive to modulation of presenilin activity. 
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Preferably the disorder responsive to presenilin modulation is Alzheimer's 
disease. 

Brief Description of the Sequences 

5 SEQ ID NO: 1 is the amino acid sequence of catenin pi 20. 

SEQ ID NO: 2 comprises the amino acid sequence and encoding polynucleotide of 
catenin pi 20. 

SEQ ID NO: 3 is the amino acid sequence of presenilin 1 . 

SEQ ID NO: 4 is the amino acid and encoding polynucleotide sequence of presenilin 
10 1. 

SEQ ID NO: 5 is the amino acid sequence of presenilin 2. 

SEQ ID NO: 6 is the amino acid and encoding polynucleotide sequence of presenilin 

2. 

5 Detailed Description of the Invention 

The invention provides a method for identifying a modulator of presenilin 
activity or a modulator of catenin pi 20 activity. A modulator may modulate the 
interaction between a presenilin and a catenin pi 20 isoform. 

A presenilin for use in accordance with the invention herein referred to as 

0 presenilin (b) may comprise a naturally occuring presenilin such as PS-1 or PS-2 

having the amino acid sequence of SEQ ID No: 3 or SEQ ID NO: 5 or may comprise 
a variant or fragment of such naturally occuring presenilin such as another 
unidentified isoform or splice variant which is homologous to or retains the desired 
function of a known presenilin. Such a variant or fragment of presenilin for use in 

5 the invention is one which is capable of binding to catenin pl20 having the sequence 
of SEQ ID NO: 1. 

A polypeptide for use in accordance with the invention is one which capable 
of binding presenilin. The polypeptide, herein referred to as polypeptide (a) a 
catenin pi 20 isoform having the sequence of SEQ ID NO: 1 or a functional variant 
0 or a functional fragment thereof A variant may comprise a naturally occuring 
isoform or splice variant. A variant or fragment of SEQ ID NO: 1 for use in 
accordance with the invention is capable of binding to presenilin and in particular 
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presenilin 1 . 

To determine whether a variant or fragment of SEQ ID NO: 1 is capable of 
binding to a presenilin the variant or fragment can be contacted with a presenilin 
under conditions suitable for the formation of a complex between catenin p!20 and 
presenilin. Similarly, to determine whether a presenilin, or variant or fragment 
thereof is capable of binding to catenin p!20, the presenilin or fragment thereof can 
be contacted with catenin p!20 under conditions suitable for the formation of a 
complex between catenin P 120 and presenilin. Any one of the assays described 
herein can be carried out in the absence of a test substance to determine the binding 
capabilities of these proteins. 

Proteins with naturally occurring amino acid sequences are preferred for use 
m the assays. Preferred proteins are human proteins but homologues from other 
mammalian species, or other animal species may be used. Any allelic variant or 
spec.es homologue of the defined proteins may be used. References to a variant of 
the protein as described below relates to a variant of a presenilin or catenin P 120 
For ail the proteins described herein for use in an assay of the invention, the ability of 
the variant to bind catenin P 120 or presenilin as appropriate is preferably maintained. 

Allelic variants and species homologues can be obtained by following the 
procedures described herein for the identification and production of proteins that 
bind catenin P 120 or a presenilin as appropriate. It is also possible to use a nucleic 
ac,d probe as described herein to probe librar.es made from human or other animal 
cells m order to obtain clones encoding allelic or species vanants. The clones can be 
manipulated by conventional techniques to generate a polypeptide which can then be 
produced by recombinant or synthetic techniques known in the art. 

Polypeptides that have been artificially mutated but retain catenin P P0 or 
presenilin binding activity or other catenin pl20 or presenilin activity may also be 
used in the invention. Such mutants may^ be generated by techniques well known in 
the art, including site directed mutagenesis, random mutagenesis and restriction 
enzyme digestion and ligation. A protein for use in the invention preferably has at 
least 60% sequence identity to a natural protein, more preferably at least 70% at 
least 80* at least 90%, at least 95%, at least 91% or at least 99% sequence identity 
thereto over a region of at least 20, preferably at least 30, for instance at least 40 at 
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least 60 ? at least 1 00 contiguous amino acids or over the full length of a natural 
protein. Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 
20 or 30 substitutions. Conservative substitutions may be made, for example 
according to the following Table. Amino acids in the same block in the second 
5 column and preferably in the same line in the third column may be substituted for 
each other. 



ALIPHATIC 


Non-polar 


GAP 






IL V 




Polar-uncharged 


CSTM 






NQ ! 




Polar-charged 


DE 






ICR 


AROMATIC 


HF W Y 



The entire proiem sequence of each of the proteins used in the assay may be 

10 present. Fragments of the proteins and variants described above that retain the 
ability to bind to the second component in the binding assay, i.e. presenilin for 
catenin pi 20 and catenin pi 20 for presenilin may also be used in the invention. 
Alternatively variants or fragments of catenin pi 20 which retain a function of catenin 
pi 20 may be used in assays to identity modulators of catenin pi 20. Preferred 

15 fragments will be at least 30. e.g. at least 100, at least 200, at least 300, at least 400, 
at least 500 or at least 600 amino acids in size. Preferred presenilin fragments are 
stable N- and C- terminal fragments that are generated in vivo by endoproteolysis 
(Capell et aL, 1998; Yu et u/., 1998). The term "isoform" is used herein to describe 
such variants and fragments of catenin pi 20 or presenilin. 

20 The polypeptides for use in the invention may be chemically modified, e.g. 

post-translationally modified. For example, they may be glycosylated or comprise 
modified amino acid residues. They may also be modified by the addition of a signal 
sequence to promote their secretion from a cell where the polypeptide does not 
naturally contain such a sequence. The polypeptides may be tagged to aid detection 

25 or purification, for example using a HA, his8, his6, T7, myc or flag tag. 
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Alternatively the polypeptides may be fusion proteins to aid purification or detection 
tor example, GST-fusion proteins may be used to aid purification from bacteria and 
GFP-fus,on proteins may be used to aid detection. The polypeptide (a) and 
presenilin (b) may be tagged with different labels which may assist in identification 
of a polypeptide/presenilin complex. 

Polypeptides for use in the invention may be in a substantially isolated form 
It will be understood that the polypeptide may be mixed with carriers or diluents 
which will not interfere with the intended purpose of the polypeptide and still be 
regarded as substantially isolated. A polypeptide for use in the invention may also be 
in a substantially purified form, in which case it will generally compnse the 
polypeptide in a preparation in which more than 50%, e.g. more than 80% 90% 
95% or 99%. by we.ght of the polypeptide in the preparation is a polypeptide of the 
invention. 

Polvnucleotides 

The invention provides a polynucleotide which encodes a polypeptide 
capable of binding a presenilin which polynucleotide consists essentially of: 

(a) the sequence of SEQ ID NO: 2; or 

(b) a sequence that hybridizes to the complement of SEQ ID NO: 2; or 

(c) a sequence that is degenerate as a result of the genetic code with 
respect to a sequence defined in (a) or (b); or 

(d) a sequence that is complementary to a polynucleotide defined in (a), 
(b)or(c); 

for use in a method of treatment of the human or animal body by therapy. 

Typically a polynucleotide of the invention comprises a contiguous sequence 
of nucleotides which is capable of hybridizing under selective conditions to the 
complement of the coding sequence of SEQ ID NO: 2. Preferably a polynucleotide 
ot the invention encodes a polypeptide which is capable of binding to a presenilin or 
retains a function of catenin pi 20. 

A polynucleotide comprising a sequence that hybridizes to the complement of 
the coding sequence of SEQ ID NO: 2 can hydridize at a level significantly above 
background. Background hybridization may occur, for example, because of other 
cDNAs present in a cDNA library. The signal level generated by the interaction 
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between a polynucleotide of the invention and the complement of the coding 
sequence of SEQ ID NO: 2 is typically at least 10 fold, preferably at least 100 fold, 
as intense as interactions between other polynucleotides and the coding sequence of 
SEQ ID NO: 2. The intensity of interaction may be measured, for example, by 
5 radio label ling the probe, e.g. with 32 P. Selective hybridisation may typically be 
achieved using conditions of low stringency (0.3M sodium chloride and 0.03M 
sodium citrate at about 40°C), medium stringency (for example, 0.3M sodium 
chloride and 0.03M sodium citrate at about 50°C) or high stringency (for example, 
0.03M sodium chloride and 0.003M sodium citrate at about 60°C). However, such 

10 hybridization may be carried out under any suitable conditions known in the art (see 
Sambrook et al., 1989). For example, if high stringency is required, suitable 
conditions include 0.2 X SSC at 60°C. If lower stringency is required, suitable 
conditions include 2 X SSC at 60°C. 

A nucleotide sequence which is capable of selectively hybridizing to the 

15 complement of the DNA coding sequence of SEQ ID NO: 2 will generally have at 
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 98% or at 
least 99% sequence identity to the coding sequence of SEQ ID NO: 2 over a region 
of at least 20, preferably at least 30, for instance at least 40, at least 60, more 
preferably at least 100 contiguous nucleotides or most preferably over the full length 

20 of SEQ ID NO: 2. Methods of measuring nucleic acid and protein homology are 
well known in the art. 

For example the UWGCG Package provides the BESTFIT program which 
can be used to calculate homology (for example used on its default settings) 
(Devereux et al (1984) Nucleic Acids Research 12, p387-395). The PILEUP and 

25 BLAST algorithms can be used to calculate homology or line up sequences (typically 
on their default settings), for example as described in Altschul (1993) J. Mol. Evol. 
36:290-300; Altschul et al (1990) J. Mol. Biol. 215:403-10. 

Software for performing BLAST analyses is publicly available through the 
National Centre for Biotechnology Information ( http://www.ncbi.nlm.nih.gov/) . 

30 This algorithm involves first identifying high scoring sequence pair (HSPs) by 

identifying short words of length W in the query sequence that either match or satisfy 
some positive-valued threshold score T when aligned with a word of the same length 
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in a database sequence. T is referred to as'L neighbourhood word score threshold 
(Altschul et al, 1990). These initial neighbourhood word hits act as seeds for 
mitiating searches to find HSPs containing them. The word hits are extended in both 
directions along each sequence for as far as the cumulative alignment score can be 
increased. Extensions for the word hits in each direction are halted when- the 
cumulative alignment score falls off by the quantity X from its maximum achieved 
value; the cumulative score goes to zero or below, due to the accumulation of one or 
more neganve-scoring residue alignments; or the end of either sequence is reached 
The BLAST algorithm parameters W, T and X determine the sensitivity and speed of 
the alignment The BLAST program uses as defaults a word length (W) of 11. the 
BLOSUM62 scoring matrix (see Henikoff and Henikoff (1992) Proc Natl Acad. 
Sci. USA 89: 10915-10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, 
and a comparison of both strands. 

The BLAST algorithm performs a statistical analysis of the similarity 
between two sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. 
USA 90: 5873-5787. One measure of similarity provided by the BLAST algorithm 
ts the smallest sum probability (P(N)), which provides an indication of the 
probability by which a match between two nucleotide or amino acid sequences 
would occur by chance. For example, a sequence is considered similar to another 
sequence if the smallest sum probability in comparison of the first sequence to the 
second sequence is less than about 1, preferably less than about 0.1. more preferably 
less than about 0.01, and most preferably less than about 0.001. 

Any combination of the above mentioned degrees of sequence identity and 
minimum sizes may be used to define polynucleotides for use in the invention, with 
the more stringent combinations (i.e. higher sequence identity over longer lengths) 
being preferred. Thus, for example a polynucleotide which has at least 90% sequence 
^entity over 25, preferably over 30 nucleotides forms one aspect of the invention as 
does a polynucleotide which has at least 95% sequence identity over 40 nucleotides. 

The coding sequence of SEQ ID NO: 2 may be modified bv nucleotide 
substitutions, for example from 1, 2 or 3 to 10, 25, 50 or 100 substitutions The 
polynucleotide of SEQ ID NO: 2 may alternatively or additionally be modified by 
one or more insertions and/or deletions and/or by an extension at either or both ends 
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The modified polynucleotide generally encodes a protein that can bind a presenilin. 
Degenerate substitutions may be made and/or substitutions may be made which 
would result in a conservative amino acid substitution when the modified sequence is 
translated, for example as shown in the Table above. 
5 Polynucleotides of the invention may comprise DNA or RNA. They may also 

be polynucleotides which include within them synthetic or modified nucleotides. A 
number of different types of modification to polynucleotides are known in the art. 
These include methylphosphonate and phosphorothioate backbones, addition of 
acridine or polylysine chains at the 3' and/or 5' ends of the molecule. For the 

10 purposes of the present invention, it is to be understood that the polynucleotides 
described herein may be modified by any method available in the art. Such 
modifications may be carried out in order to enhance the in vivo activity or lifespan 
of polynucleotides of the invention. 

Polynucleotides according to the invention may be produced recombinantly, 

15 synthetically, or by any means available to those of skill in the art. They may also be 
cloned by standard techniques. The polynucleotides are typically provided in 
isolated and/or purified form. 

Although in general the techniques mentioned herein are well known in the 
art, reference may be made in particular to Sambrook et al y 1989, Molecular Cloning: 

20 a laboratory manual. 

A polynucleotide may be an essential component in an assay of the invention, 
a probe (or template for designing a probe) for identifying proteins that may be used 
in the invention or a test compound. The nucleotides according to the invention have 
utility in production of the proteins according to the invention, which may take place 

25 in vitro, in vivo or ex vivo. The nucleotides may be involved in recombinant protein 
synthesis or indeed as therapeutic agents in their own right, utilised in gene therapy 
techniques. Antisense sequences, may also be used in gene therapy, such as in 
strategies for down regulation of expression of the proteins of the invention. The 
invention further provides double stranded polynucleotides comprising a 

30 polynucleotide for use in the invention and its complement for use in a method of 
treatment of the human or animal body by therapy. 

Probes and other fragments will preferably be at least 10, preferably at least 
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15 or at least 20, for example at least 25, a least 30 or at least 40 nucleotides in 
length. They will typically be up to 40, 50, 60, 70, 1 00 or 1 50 nucleotides in length 
Probes and fragments can be longer than 1 50 nucleotides in length, for example up to 
200, 300, 400, 500, 600, 700 nucleotides in length, or even up to a few nucleotides, 
such as five or ten nucleotides, short of the coding sequence of SEQ ID NO: 2. 

Polynucleotides of the invention or for use in the invention can be inserted 
info expression vectors. Such expression vectors are routinely constructed in the art 
of molecular biology and may for example involve the use of plasmid DNA and 
appropriate initiators, promoters, enhancers and other elements, such as for example 
polyadenylation signals which may be necessary, and which are positioned in the 
correct orientation, in order to allow for protein expression. Other suitable vectors 
would be apparent to persons skilled in the art. By way of further example in this 
regard we refer to Sambrook et al. 

Polynucleotides according to the invention may also be inserted into the 
vectors described above in an antisense orientation in order to provide for the 
production of antisense RNA. Antisense RNA or other antisense polynucleotides 
may also be produced by synthetic means. Such antisense polynucleotides may be 
used as test compounds in the assays of the invention or may be useful in a method 
of treatment of the human or animal body by therapy. 

Preferably, a polynucleotide of the invention or for use in the invention in a 
vector is operably linked to a control sequence which is capable of providing for the 
expression of the coding sequence by the host cell, i.e. the vector is an expression 
vector. The term Operably linked" refers to a juxtaposition wherein the components 
described are in a relationship permitting them to function in their intended manner. 
A regulatory sequence, such as a promoter, "operably linked" to a coding sequence is 
positioned in such a way that expression of the coding sequence is achieved under 
conditions compatible with the regulatory sequence. 

Vectors for use in the invention may be transformed into a suitable host cell 
as described above to provide for expression of a polypeptide for use in the 
invention. Thus, in a further aspect the invention provides* process for preparing a 
polypeptide according to the invention which comprises cultivating a host cell 
transformed or transfected with an expression vector encoding the polypeptide, and 
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recovering the expressed polypeptide. 

The vectors may be for example, plasmid, virus or phage vectors provided 
with a origin of replication, optionally a promoter for the expression of the said 
polynucleotide and optionally a regulator of the promoter. The vectors may contain 
5 one or more selectable marker genes, for example an ampiciilin resistance gene in 
the case of a bacterial plasmid or a resistance gene for a fungal vector. Vectors may 
be used in vitro, for example for the production of RNA or used to transfect or 
transform a host cell, for example, a mammalian host cell. The vectors may also be 
adapted to be used in vivo, for example in a method of gene therapy. 
10 Promoters and other expression regulation signals may be selected to be 

compatible ith the host cell for which expression is designed. For example, yeast 
promoters include S. cerevisiae GAL4 and ADH promoters, S. pombe nmt\ and adh 
promoter. Mammalian promoters include the metallothionein promoter which can be 
induced in response to heavy metals such as cadmium. Viral promoters such as the 

15 SV40 large T antigen promoter or adenovirus promoters may also be used. All these 
promoters are readily available in the art. 

Mammalian promoters, such as P-actin promoters, may be used. Tissue- 
specific promoters, in particular endothelial or neuronal cell specific promoters (for 
example the DDAHI and DDAHII promoters), are especially preferred. Viral 

20 promoters may also be used, for example the Moloney murine leukaemia virus long 
terminal repeat (MMLV LTR), the rous sarcoma virus (RSV) LTR promoter, the 
SV40 promoter, the human cytomegalovirus (CMV) IE promoter, adenovirus, HSV 
promoters (such as the HSV IE promoters), or HPV promoters, particularly the HPV 
upstream regulatory region (URR). Viral promoters are readily available in the art. 

25 The vector may further include sequences flanking the polynucleotide which 

comprise sequences homologous to eukaryotic genomic sequences, preferably 
mammalian genomic sequences, or viral genomic sequences. This will allow the 
introduction of the polynucleotides of the invention into the genome of eukaryotic 
cells or viruses by homologous recombination. In particular, a plasmid vector 

30 comprising the expression cassette flanked by viral sequences can be used to prepare 
a viral vector suitable for delivering the polynucleotides of the invention to a 
mammalian cell. Other examples of suitable viral vectors include herpes simplex 
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viral vectors and retroviruses, including lentiviruses, adenoviruses, adeno-associated 
viruses and HPV viruses (such as HPV-16 or HPV-I8). Gene transfer techniques 
using these viruses are known to those skilled in the art. Retrovirus vectors for 
example may be used to stably integrate the polynucleotide giving rise to the 
antisense RNA into the host genome. Replication-defective adenovirus vectors by 
contrast remain episomal and therefore allow transient expression. 

The invention also utilizes cells that have been modified to express a 
presenilin polypeptide and/or a catenin pi 20 polypeptide. Such cells include 
transient, or preferably stable higher eukaryotic cell lines, such as mammalian cells 
or insect cells, using for example a baculovirus expression system, lower eukaryotic 
cells, such as yeast or prokaryotic cells such as bacterial cells. Particular examples 
of cells which may be modified by insertion of vectors encoding for a polypeptide 
according to the invention include mammalian HEK293T, CHO, HeLa and COS 
cells. Preferably the cell line selected will be one which is not only stable, but also 
allows for mature glycosylation of a polypeptide. A polypeptide of the invention 
may be overexpressed in bacterial cells, such as Rcoli, and isolated from the 
bacterial culture. 

According to another aspect, the present invention may also use antibodies 
(either polyclonal or preferably monoclonal antibodies, chimeric, single chain, Fab 
fragments) which have been raised by standard techniques and are specific for a 
presenilin polypeptide or for a catenin P 120 polypeptide. Such antibodies could for 
example, be useful in purification, isolation or screening methods involving 
immunoprecipitation techniques and may be used as tools to further elucidate the 
function of catenin P 120 or a variant thereof, or indeed as therapeutic agents in their 
own right. Antibodies may also be raised against specific epitopes of the proteins 
according to the invention. Such antibodies may be used to block ligand binding to 
the receptor. An antibody, or other compounds, "specifically binds" to a protein 
when it binds with preferential or high affinity to the protein for which it is specific 
but does not bind or binds with only low affinity to other proteins. A variety of 
protocols for competitive binding or immunoradiometric assays to determine the 
specific binding capability of an antibody are well known in the art (see for example 
Maddox et al 1 993). Such immunoassays typically involve the formation of 
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complexes between the "specific protein" and its antibody and the measurement of 
complex formation. 

Antibodies may be antibodies to human polypeptides or fragments thereof. 
For the purposes of this invention, the term :; antibody", unless specified to the 
contrary, includes fragments which bind a polypeptide of the invention. Such 
fragments include Fv, F(ab') and F(ab') 2 fragments, as well as single chain 
antibodies. Furthermore, the antibodies and fragment thereof may be chimeric 
antibodies, CDR-grafted antibodies or humanised antibodies. 

Antibodies can be produced by any suitable method. Means for preparing 
and characterising antibodies are well known in the art, see for example Harlow and 
Lane (1988) "Antibodies: A Laboratory Manual", Cold Spring Harbor Laboratory 
Press. Cold Spring Harbor, NY. For example, an antibody may be produced by 
raising antibody in a host animal against the whole polypeptide or a fragment 
thereof, for example an antigenic epitope thereof, herein after the "immunogen". 

A method for producing a polyclonal antibody comprises immunising a 
suitable host animal, for example an experimental animal, with the immunogen and 
isolating immunoglobulins from the animal's serum. The animal may therefore be 
inoculated with the immunogen, blood subsequently removed from the animal and 
the IgG fraction purified. 

A method for producing a monoclonal antibody comprises immortalising 
cells which produce the desired antibody. Hybridoma cells may be produced by 
fusing spleen cells from an inoculated experimental animal with tumour cells (Kohler 
and Milstein (1975) Nature 256, 495-497). 

An immortalized cell producing the desired antibody may be selected by a 
conventional procedure. The hybridomas may be grown in culture or injected 
intraperitonealiy for formation of ascites fluid or into the blood stream of an 
allogenic host or immunocompromised host. Human antibody may be prepared by in 
vitro immunisation of human lymphocytes, followed by transformation of the 
lymphocytes with Epstein-Barr virus. 

For the production of both monoclonal and polyclonal antibodies, the 
experimental animal is suitably a goat, rabbit, rat or mouse. If desired, the 
immunogen may be administered as a conjugate in which the immunogen is coupled. 
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for example via a side chain of one of the ammo acid residues, to a suitable carrier. 
The carrier molecule is typically a physiologically acceptable carrier. The antibody 
obtained may be isolated and, if desired, purified. 
Assays 

Any suitable assay format may be used for identifying a modulator of a 
presenilin, for example a modulator of a presenilin/ catenin P 120 interaction. In a 
preferred aspect, the assay is a cell-based assay. Preferably the assay may be carried 
out in a single well of a microtia plate. Assay formats which allow high throughput 
screening are preferred. 

As the first step of the method for identifying a modulator of presenilin 
function, (a) a polypeptide comprising the sequence of SEQ ID NO: 1 or a variant or 
fragment of either sequence capable of binding to a presenilin; (b) a presenilin or a 
variant or a fragment thereof capable of binding to catenin p 1 20; and (c) a test 
substance are contacted under conditions that would permit binding of (a) to (b) in 
the absence of a test substance. The activity of presenilin is then monitored. For 
example, the interaction between the polypeptide (a) and a presenilin (b) may be 
analysed. The interaction between the polypeptide(a) and presenilin (b) in the 
presence of a test substance may be compared with the interaction between the 
polypeptide (a) and presenilin (b) in the absence of the test substance to determine 
whether the test substance modulates the binding of polypeptide (a) and presenilin 
(b) and thereby whether the test substance enhances or inhibits the binding of a 
presenilin to catenin pl20. 

As used herein, a polypeptide (a) is used to refer to catenin P 120 having the 
sequence of SEQ ID NO: 1 or an isoform or vanant thereof or a fragment of anv 
thereof which is capable of binding to a presenilin, or to a variant or a fragment of 
presenilin which is capable of binding to catenin pi 20. 

The test substance can be contacted with a cell harbouring a polynucleotide 
or expression vector encoding a polypeptide (a) and a polynucleotide or expression 
vector encoding a presenilin (b). Optionally the cell may harbour a polynucleotide or 
expression vector encoding a test substance, wherein the test substance is a peptide. 
The cell typically allows transcription and translation of the polynucleotides or 
vectors so that the polypeptides are expressed in the same cell. 
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The test substance may be provided in the extracellular medium used for 
washing, incubating or growing the cell. The test substance may modulate the 
interaction of presenilin (b) with the polypeptide (a) indirectly from outside the cell, 
for example by interacting with an extracellular domain of presenilin or may be taken 

5 up into the cell from the extracellular medium. Where presenilin (b) and polypeptide 
(a) are coexpressed in a cell, the cell may express both proteins naturally, for 
example the cell may be a neuronal cell grown in a primary culture, or the cell may 
express both proteins recombinantly, or the ceil may naturally express one protein 
and be transformed to express the other protein recombinantly. 

10 The cell may be transiently or stably transfected or transformed. The 

polypeptide (a), presenilin (b) and the test substance (c) where it is a peptide may all 
be stably expressed. More preferably polypeptide (a) and presenilin (b) will be 
stably expressed and a test substance peptide will be transiently expressed. Where 
only polypeptide (a) and presenilin (b) are expressed by the cell they may both be 

15 transiently expressed, both stably expressed or one may be stably expressed and the 
other transiently expressed. Cells can be transfected by methods well known in the 
art, for example, by electroporation, calcium phosphate precipitation, lipofection or 
heat shock. The proteins may be expressed in mammalian cells such as human cells 
or non-mammalian cells such as yeast or bacteria. It is preferred that the cells are in 

20 culture. Preferred cell lines which may be used include HEK293, COS and PC 12 
cells. 

A polypeptide (a) and a presenilin (b) can also be recombinantly expressed in 
different cells. These cells may be two different cultures of the same cell line or may 
be different cell lines. The cell lines may both be mammalian cells, bacterial cells or 

25 yeast cells or the two cell lines may be from different organisms, for example a 
polypeptide (a) may be expressed in a mammalian cell and a presenilin (b) in a 
bacterial cell. A cell expressing a polypeptide (a) or a cell lysate, a membrane 
preparation or a protein preparation derived from a cell expressing a polypeptide (a) 
can be contacted with a cell expressing a presenilin (b) or a cell homogenate, a cell 

30 lysate or a protein preparation from cells expressing presenilin (b). Similarly, where 
the test substance is a peptide or protein, an expression vector comprising a 
polypeptide encoding (c) can be singly transfected into a cell and the cell 
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homogenate, cell lysate. membrane preparation or protein preparation from the 
transfected cell can be used in the assay. 

The conditions which permit binding of a polypeptide (a) to a presenilin (b) 
m an extracellular envtronment can be determined by carrying out the assay in the 
absence of a test substance. 

A number of biochermcal and molecular cell biology protocols known in the 
art can be used to analyse the interaction of a polypeptide (a) and presenilin (b) (see 
for example Sambrook « ai, 1989). Some specific examples are outlined below: 

The presenilin/catenin pl20 interaction can be determined directly by 
incubating a radiolabeled polypeptide (a) with the presenilin and monitoring binding 
of the polypeptide (a, to the presenilin. Alternatively binding of radiolabeled 
presenilin to catemn p 1 20 polypeptide (a) may be monitored. Typically, the 
• radiolabeled substance can be incubated with cell membranes containing the 
presenilin or catenin P l 20 until equilibrium is reached. The membranes can then be 
separated from a non-bound substance and dissolved in scintillation fluid to allow the 
radioactive content to be determined by scintillation counting. Non-specific binding 
of the substance may also be determmed by repeating the experiment in the presence 
of a saturating concentration of a non-radioactive polypeptide (a) or presenilin. 
Preferably a binding curve is constructed by repeating the experiment with various - 
concentrations of the radiolabeled substance. 

A yeast-2 hybrid assay system may be used. A polynucleotide encoding a 
presenilin, or fragment thereof capable of binding to catenin p!20 can be cloned into 
GAL4 binding domain vector ( GAL4 BD ) and a polynucleotide comprising the 
sequence of SEQ ID NO: 2 or a variant or fragment thereof capable of binding to a 
presenilin can be cloned into a G.AL4 activation domain fusion vector (GAL4 AD ). 
Alternatively, a polynucleot.de comprising the sequence of SEQ ID NO: 2 or a 
variant or fragment thereof capable of binding to a presenilin can be cloned into 
GAL4 bd and a polynucleotide encoding a presenilin can be cloned into GAL4ad- 
GAL4ao and GAL4 UD can then be expressed in yeast and the resuldng (3- 
galactostdase activity can be assayed and quantified using the substrate o-nitrophenol 
P-D-galactopyranoside (ONPG ) using a liquid nitrogen freeze fracture regime as 
described by Harshman ei al, 1 998. 



WO 01/67097 PCT/GB01/01059 

19 

A "pull-down" assay system may also be used. A presenilis or a variant or 
fragment thereof capable of binding a catenin pi 20 can be run on a denaturing SDS 
polyacrylamide gel and transferred to a nitrocellulose membrane. Use of a fusion 
protein, such as a GST-fusion protein expressed and purified from E. coli, is 
5 preferred. The protein on the gel can then be renatured. A number of protocols for 
the refolding of denatured proteins are detailed in Marston (1987). In a parallel 
experiment, the position of the presenilin can be identified by immunobiotting using 
techniques well known in the art. A labelled polypeptide (a) capable of interacting 
with a presenilin, which may be present, for example, in a cell extract from cells 

10 transiently transfected with a polynucleotide of SEQ ID NO: 2 capable of interacting 
with a presenilin grown in medium containing 3:> S-methionine, can then be incubated 
with the nitrocellulose membrane. The test compound can be included in the 
incubation medium. After washing to remove non-specifically bound proteins, 
labelled catenin pi 20 bound to the presenilin can be detected and quantified using, 

15 for example, a phosphorimager or a scintillation counter. The assay can also be 
carried out by immobilizing the catenin pi 20 and measuring the binding of a 
presenilin to the immobilized protein. 

Alternatively, a presenilin or variant or fragment thereof capable of binding 
catenin pl20, a polypeptide comprising SEQ ID NO: 1 or a variant or fragment 

20 thereof capable of interacting with a presenilin may be immunoprecipitated, 

immunopurilied or affinity purified from a cell extract of cells co-expressing a 
presenilin or fragment thereof and a polypeptide comprising SEQ ID NO: I or a 
variant or fragment of either sequence capable of binding to a presenilin. If the test 
substance is a polypeptide the cells may also co-express the test substance. 

25 Alternatively, the test substance may be provided in the cell growth medium. 

Coprecipitating/copurifying catenin pi 20 or presenilins can then be detected, for 
example using Western blotting techniques or by radiolabelling recombinantly 
expressed proteins, and quantified using a phosphorimager or scintillation counter. 
An important aspect of the present invention is the use of catenin pi 20 

30 polypeptides according to the invention in screening methods to identify compounds 
that may act as modulators of catenin pi 20 activity and in particular compounds that 
may be useful in treating presenilin associated disease. Any suitable form may be 
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used forthe assay ,o identify a mc^ator of cntnnin pl20 activity . In genera , 
uch screen methods may involve contacting a p„ lyp ep tid e 0 f , he inV e„, io „ with a 
test compound and then measuring activity. 

Any suitable activity of catetnn pI 20 may be measured jn . screenjne 
For example, tne binding of ^ p 120 t0 ^ cysMskeWn or a 

factor may be monitored. A modulator roay, for example, modulate btnding of 
catenin pl20 ,o E-cadherin and/or may modulate binding of catemn pl 2 0 to a 
transcription factor such as Kaiso (Daniel and Reynolds, 1 999). Alternatively 
catenin p,20 activity may be monttoted by detecting expression of a reporter™ 
sue , as luciferase. under me control of a re g u,a,ory science whicb binds a r^ 
P>20/,ranscriprio„ factor protein complex or a transcription factor which is activated 
by catenin pi 20. 

A ligand of catentn p 120 can be determtned directly by incubate a 
radtolabelied test substance with the polypeptide (a) and monitoring binding of the 
test compound to the poiypeptide. Typically, the radiolabeled tea, substance can be 
tncubated tvim eel, membranes containing the polypeptide until equilibrium is 
reached. ^The membranes can then be separated from a non-bound tea, substantia and 
dtssolved in scintillation fluid to allow the radioactive content ,„ be defined by 
scmt.llation counting. Non-spec,f,c binding of rhe tea, subsmnce mav ate be 
determmed by repenting the cxpentnent in the presence of a saturating concentration 

or a non-radioactive lieand Prefenhii/ -> k.„^i- 

gana. rreierably a b.nding curve is constructed by repeating 

the experiment with various concentrations of the test substance 

Modulator activity can be determmed by contacting cells expressmg a 
polypeptide (a) of the invention with a substance under investigation and by 
monitoring the effect mediated by the polypeptide. The cells expressing the 
polypeptide may be /„ v.7, 0 , for example in cultured cells, or in vivo The 
polypeptide of the invention may be naturally or recombinant^ expressed 
Preferably, the assay is earned out in V i:ro using cells expressing recombinant 
polypeptide. 

For each assay system a parallel control expenmen, (in which the substance 
to be tested is omined) and experiments ,„ whtch a ,es, snbstnnce is included can be 
earned out. Tbe resuhs of the experiments using tbe test compound and the control 
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experiments can be used to determine whether the test compound inhibits or 
^ enhances binding. 

The substance tested may be tested with any other known receptor/interacting 
cytoplasmic protein combinations, for example presenilin and p-catenin, to exclude 
5 the possibility that the test substance is a general inhibitor of protein/protein 
interactions. 

Where a variant or fragment of presenilin or catenin pi 20 is used in the assay 
as the presenilin (b) or polypeptide (a), the assay is preferably run first in the absence 
of a test substance to ensure that the variant or fragment does not affect the activity 

10 of the presenilin or catenin p 120. The assays may also be carried out monitoring PS 
mediated signalling. For example, the step of monitoring presenilin activity may 
involve assessment of presenilin mediated signalling or processing or the effect of 
binding of presenilin to other proteins. For example the assay may involve 
determination of APP processing, Notch signalling, for example in early 

15 development, or the binding of presenilin to tau and a tau kinase. 
Candidate Modulators 

A modulator of presenilin or catenin pl20 function may exert its effect by 
binding directly to presenilin or catenin pi 20 polypeptide or may have an upstream 
effect which prevents the presenilin/catenin pi 20 interaction occurring, or presenilin 

20 or catenin pi 20 mediated activity. 

A modulator may directly inhibit the interaction of presenilin with catenin 
pi 20 or inhibit interaction between catenin pi 20 and a ligand such as E-cadherin. A 
candidate modulator may comprise a fragment of a catenin pi 20 isoform capable of 
binding a presenilin or catenin pi 20 ligand but lacking any functional activity. 

25 Alternatively, a candidate modulator may comprise a fragment of a presenilin 
capable of binding catenin pi 20 but lacking any functional activity. Candidate 
molecules include N- terminal and C- terminal fragments of presenilin 1 or presenilin 
2. Antibodies or antibody fragments, for example as defined herein, that specifically 
bind to presenilin or catenin pi 20 or chemical compounds capable of binding these 

30 proteins are also candidate compounds. 

Other suitable test substances include combinatorial libraries, defined 
chemical entities and compounds, peptide and peptide mimetics, oligonucleotides 
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and natural product libraries, such as display libraries (e.g. phase display libraries). 

Typically, organic molecules will be screened, preferably small organic 
molecules which have a molecular weight of from 50 to 2500 daltons. Candidate 
products can be biomoiecules including, saccharides, fatty acids, steroids, purines, 
pyrimidines. derivatives, structural analogs or combinations thereof. Candidate 
agents are obtained from a wide variety of sources including libraries of synthetic or 
natural compounds. Known pharmacological agents may be subjected to directed or 
random chemical modifications, such as acylation, alkylation, esterification, 
amidification, etc. to produce structural analogs. 

Test substances may be used in an initial screen of. for example, 10 
substances per reaction, and the substances of these batches which show inhibition or 
activation tested individually. Test substances may be used at a concentration of 
from InM to lOmM, preferably from, lOOnM to lOOOuM or from luM to lOOuM, 
more preferably from luM to lOuM. 
Modulators 

A modulator of presenilin activity which produces a measurable reduction or 
increase in catenin pl20 to presenilin in the assays described above, or an effect on 
presenilin activity or catenin pl20 mediated activity. 

Preferred inhibitors are those which inhibit binding by at least 10%, at least 
20%, at least 30%, at least 40% at least 50%, at least 60%, at least 70%, at least 80%, 
at least 90%, at least 95% or at least 99% at a concentration of the inhibitor of 
lugmJ-'. lOMgrnf 1 , lOOugml^SOOugml" 1 , lmg ml" 1 , lOmgrnf 1 or lOOmgmr'. 

Preferred activators are those which activate binding by at least 10%, at least 
25%, at least 50%, at least 100%, at least, 200%, at least 500% or at least 1000% at a 
concentration of the activator lug mf', lOug mf', lOOug ml"', 500ug mf', lmg ml' 1 , 
lOmg ml" 1 or lOOmg ml" 1 . 

The percentage inhibition or activation represents the percentage decrease or 
increase in expression/activity in a comparison of assays in the presence and absence 
of the test substance. Any combination of the above mentioned degrees of 
percentage inhibition or activation and concentration of inhibitor or activator may be 
used to define an inhibitor or activator of the invention, with greater inhibition or 
activation at lower concentrations being preferred. 
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Candidate substances which show activity in assays such as those described 
above can be tested in in vivo systems, an animal model. Candidate inhibitors could 
be tested for their ability to decrease presenilin mediated signalling, for example by 
interfering with development in C.Elegans or by interfering with APP processing or 
by monitoring changes in gene expression using a reporter gene assay. 

Candidate activators could be tested for their ability to increase presenilin 
mediated signalling. Ultimately such substances would be tested in animal models of 
the target disease states. 
Therapeutic use 

Modulators of presenilin/catenin pi 20 or of presenilin activity or of catenin 
pl20 activity identified by the methods of the invention may be used for the 
treatment or prophylaxis of a disorder that is responsive to modulation of presenilin 
activity or catenin pi 20. 

In particular, neuronal disorders such as cognitive disorders including 
Alzheimer's disease may be treated. A modulator of presenilin or catenin pl20 
activity may be used to alleviate the symptoms or to improve the condition of a 
patient suffering from such a disorder. A therapeutically effective amount of a 
modulator is an amount which is sufficient to alleviate one or more symptoms of a 
disorder or to improve the condition of a patient suffering from a disorder. 

Modulators of presenilin or catenin pi 20 activity may be useful in enhancing 
cognitive function. Hence, a therapeutically effective amount of a modulator may 
be an amount which is sufficient to produce an enhancement of cognitive function in 
a patient suffering from a neurodegenerative disorder. This may be useful in treating 
neurodegenerative diseases such as Alzheimer's disease or in enhancing cognitive 
function following injury to the brain. 

Catenin pi 20 polypeptides and polynucleotides as described herein may also 
be used in the treatment or prophylaxis of such disorders. 

Another aspect of the present invention is the use of polynucleotides 
encoding the catenin p!20 polypeptides of the invention to identify mutations in 
catenin pi 20 genes which may be implicated in human disorders. Identification of 
such mutations may be used to assist in diagnosis of or susceptibility to Alzheimer's 
or other conditions associated with presenilin and in assessing the physiology of such 
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borders. Polynucleotides may also be used in hybridisation studies to monitor for 

expression of catenin pi 20 genes and in narti^„i^ ^ 

o cllc i> ana m particular for up or down regulation of 

catenin p 1 20 expression. 

The present invention provides a method for assessing a disorder associated 
wxth abnormal presenile function such as Alzheimer's disease by detecting variation 
in the expressed products encoded by a catenin p!20 gene. This mav comprise 
determining the level of an catenin P 120 expressed in cells or determining specific 
alterations in the expressed product. Sequences of interest for diagnostic purposes 
include, but are not limited to, the conserved portions as identified bv sequence 
similarity and conservation of intron/exon structure. The diagnosis may be performed 
m conjunction with kindred studies to determine whether a mutation of interest co- 
segregates with disease phenotype in a family. 

Diagnostic procedures may be performed on polynucleotides isolated from an 
individual or alternatively, may be performed in situ directly upon tissue sections 
(fixed and/or frozen) of patient tissue obtained from biopsies or resections, such that 
no nuclei acid purification is necessary. Appropriate procedures are described in 
for example, Nuovo, G.J., 1992, "PCR /„ Situ Hybridization: Protocols And 
Applications", Raven Press, NY). Such analysis techniques include, DNA or RNA 
blotting analyses, single stranded conformational polymorphism analyses, in situ 
hybndtzauon assays, and polymerase chain reaction analyses. Such analyses may 
reveal both quantitative aspects of the expression pattern of catenin P 120, and 
qualitative aspects of catenin P 120 expression and/or composition. 

Alternative diagnostic methods for the detection of catenin P 120 nucleic acid 
molecules may involve their amplification, e.g. by PCR (the experimental 
embodiment set forth in U.S. Patent No. 4,683,202), ligase chain reaction (Barany 
1991, Proc. Natl. Acad. Sc. USA 88:189-193), self sustained sequence replication 
(Guatelli etal., 1990, Proc. Natl. Acad. Sci. USA 87:1 874-, 878), transcriptional 
amplification system (Kwoh era/., 1989, Proc. Natl. Acad. Sci. 15 USA 86:1 173- 
1 1 77), Q-Beta Repiicase (Lizardi et at., 1 988, Bio/Technology 6: 1 1 97) or any other 
nucleic acid amplification method, followed by the detection of the amplified 
molecules using techniques well known to those of skill in the art. These detection 
schemes are especially useful for the detection of nucleic acid molecules if such 
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molecules are present in very low numbers. 

Particularly suitable diagnostic methods are chip-based DNA technologies 
such as those described by Hacia et a/., 1996, Nature Genetics 14:441-447 and 
Shoemaker et aL 1996, Nature Genetics 14:450-456. Briefly, these techniques 
involve quantitative methods for analyzing large numbers of nucleic acid sequence 
targets rapidly and accurately. By tagging with oligonucleotides or using fixed probe 
arrays, one can employ chip technology to segregate target molecules as high density 
arrays and screen these molecules on the basis of hybridization. 

Following detection, the results seen in a given patient may be compared with 
a statistically significant reference group of normal patients and patients that have 
presenilin related pathologies. In this way, it is possible to correlate the amount or 
kind of catenin pi 20 polypeptide detected with various clinical states or * 
predisposition to clinical states. 

Substances identified according to the screening methods outlined above may 
be formulated with standard pharmaceutical ly acceptable carriers and/or excipients 
as is routine in the pharmaceutical art. For example, a suitable substance may be 
dissolved in physiological saline, water or an isotonic solution for injections. The 
exact nature of a formulation will depend upon several factors including the 
particular substance to be administered and the desired route of administration. The 
formulation will also depend on whether a pharmaceutical or veterinary use is 
intended. Suitable types of formulation are fully described in Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Eastern Pennsylvania, 17 01 Ed. 
1985, the disclosure of which is included herein of its entirety by way of reference. 

The substances may be administered by enteral or parenteral routes such as 
via oral, buccal, anal, pulmonary, intravenous, intra-arterial, intramuscular, 
intraperitoneal, topical, parenteral, subcutaneous, intravascular, transdermal or other 
appropriate administration routes. 

A therapeutically effective amount of a modulator is administered to a 
patient. The dose of a modulator may be determined according to various 
parameters, especially according to the substance used; the age, weight and condition 
of the patient to be treated; the route of administration; and the required regimen. A 
physician will be able to determine the required route of administration and dosage 
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for any particular patient. A typical daily dose is from about 0.1 to 50 mg per kg of 
body weight, according to the activity of the specific modulator, the age, weight "and 
conditions of the subject to be treated, the type and severity of the degeneration and 
the frequency and route of administration. Preferably, daily dosage levels are from 5 
mg to 2 g. 

Modulators may have to be administered to specific sites, or otherw 1S e 
targeted to brain cells. For example, the modulator may be delivered to neurons 
This may be achieved, for example, by delivery via a viral strain such as herpes 
simplex virus. When the polynucleotide of the invention is delivered to cells by a 
viral vector, the amount of virus administered is in the mage of from 10 6 to 10 10 pfu 
preferably from 1 0 7 to 1 0> pfu, more preferably about 1 0 8 pfu for adenoviral vectors 
When injected, typically 1 -2ml of virus in a pharmaceutical ly acceptable suitable 
carrier or diluent is administered. The vector may comprise a promoter or other 
regulatory sequence that is specific to certain neurons. 

Nucleic acid encoding catenin p!20 or presenilin or a variant or fragment 
thereof which inhibits the presenilin/catenin p!20 interaction or other catenin p!20 
activity may be administered to the mammal. Nucleic acid, such as RNA or DNA 
and preferably, DNA, is provided in the form of a vector, such as the polynucleotides 
described above, which may be expressed in the cells of the mammal. 

Nucleic acid encoding the polypeptide may be administered by any available 
technique. For example, the nucleic acid may be introduced by needle injection 
preferably transdermal ly, intradermal^ subcutaneously or intramuscularly. 
Alternatively, the nucleic acid may be delivered directly across the skin using a 
nucleic acid delivery device such as particle-mediated gene delivery. The nucleic 
acid may be administered topically to the skin, or to mucosal surfaces for example by 
intranasal, oral, intravaginal or intrarectal administration. 

Uptake of nucleic acid constructs may be enhanced by several known 
transfection techniques, for example those including the use of transfection agents 
Examples of these agents includes cationic agents, for example, calcium phosphate 
and DEAE-Dextran and iipofectants, for example, lipofectam and transfectam The 
dosage of the nucleic acid to be administered can be altered. Typically the nucleic 
acid is administered in the range of Ipg to Img, preferably to Ipg to lOug nucleic 
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acid for particle mediated gene delivery and lO^ig to Img for other routes. 

Where the polynucleotide giving rise to the product is under the control of an 
inducible promoter, it may only be necessary to induce gene expression for the 
duration of the treatment. Once the condition has been treated, the inducer is 

5 removed and expression of the polypeptide of the invention ceases. This will clearly 
have clinical advantages. Such a system may, for example, involve administering the 
antibiotic tetracycline, to activate gene expression via its effect on the tet 
repressor/VP16 fusion protein. 

The use of tissue-specific promoters will be of assistance in the treatment of 

10 disease using the polypeptides, polynucleotide and vectors of the invention. It will be 
advantageous to be able express therapeutic genes in only the relevant affected cell 
types, especially where such genes are toxic when expressed in other cell types. 

The routes of administration and dosages described above are intended only 
as a guide since a skilled physician will be able to determine readily the optimum 

15 route of administration and dosage for any particular patient and condition. 

The following Examples illustrate the invention. 

Example 1: Interaction of PS- 1 and catenin pi 20 in HEK293 cells 
20 The target protein presenilin 1 (Accession Number L421 10, Hugo Number 

PSEN1, Unigene Number Hs.3260) was amplified by PCR using primers 
GGAAGTGGAAGTGGC ACAGAGTTACCTGC ACCGTTGTCC and 
GGAGGTTGGATTGGCTTAGATATAAAA TTGATGGAATGC to give a 1439 bp 
PCR product. The PCR product was cloned into an expression vector such that a 
25 single HA tag (sequence A YPYDVPDYA) was inserted at the N-terminus. This 
construct was transfected into HEK293 cells that were expanded under conditions 
selecting for the expression construct. In a representative experiment, presenilin was 
immunoprecipitated from 65 mg of membrane-enriched fraction derived from 
approximately 10 8 transfected cells. Antibodies used were 80 jig mouse monoclonal 
30 antibody HA1 1 (recognising the HA tag) (BABCO) or 30 jig rat monoclonal 

antibody to presenilin 1 (Chemicon mAb 1563). Immunoprecipitates were recovered 
using 200ul of a 50/50 slurry of protein G sepharose (Pharmacia), resuspended in 
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sample buffer, separated on a 4-20% tris glycine gel under non-reduced conditions 
and stained with colloidal Coomassie blue. Bands specific to the tagged cell line 
were excised and in gel digested with trypsin. All trypsin digested peptides were 
subjected first to matrix assisted laser desorption ionization time of flight (MALDI- 
TOF) mass spectrometry and in a number of cases this was sufficient to make a 
positive identification by comparing peptide mass data with that predicted from non- 
redundant protein databases. In all cases peptides were further subjected to 
LC/MS/MS to further confirm the MALDI identification or to identify proteins not 
detected by MALDI-TOF, again using a non-redundant protein database. Catenin 
pi 20 was identified as interacting with presenilin 1 

Without complete sequence coverage by mass spectrometry it is not possible to 
inconclusively determine which pi 20 isoform is present. One analysis that 
demonstrates that the isoform present could be either 1 AC or 1 A (exon 20 absent, 
exon 1 8 present, presence/absence of exon 1 1 not established). 

Example 2: Interaction of PS01 and KIAA0253 in PC12 cells, a neuronal cell line 
The HA tagged human presenilin 1 construct was transfected into PC 12 cells. 
. Stable transfectants were generated and expanded under conditions selecting for the 
expression construct. In a representative experiment presenilin- 1 was affinty- 
purified from 75 mg of membrane-enriched fraction derived from approximately 10 8 
cells. Membrane extracts were prepared by homogenising cell pellets in a blender, 
taking the supernatant from a .low-speed (1200 rpm/10 min) spin and subjecting it to 
a 100,000g/60min spin. The resulting membrane-enriched pellet was resuspended in 
extraction buffer and pass through a 26g needle. The solution then made 1 % with 
dodecyl maltoside and mixed for 1 hour at 4°C. The solution was then re-spun at 
100,000g for 30mins to clear precipitating debris. The antibody used was mouse 
monoclonal antibody HA1 1 (recognising the HA tag) (BAB CO) covalently linked to 
sepharose beads (Perbio aminolink). Membrane extract was incubated with 
sepharose-bound antibody overnight at 4°C. Beads were then washed 6 times with 
extraction buffer plus 0.4mM dodecyl maltoside. Proteins that remained bound to 
the sepharose-antibody beads were then eluted with 100 H l sample buffer (Novex) 
and run on a pre-cast 4-12% ID SDS PAGE gel in MOPS buffer (Novex) under 
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reducing conditions and stained with colloidal Coomassie blue. Bands specific to the 
tagged cell line were excised and in-gel digested with trypsin. Trypsin-digested 
peptides were subjected to LC/MS/MS for protein identification, using a non- 
redundant protein database. Catenin pi 20 was identified as interacting with 
5 presenilin 1 in PC 1 2 cells. 

This result extends the interaction of PS-1 and catenin pi 20 to a neuronal cell 
type that might be considered more relevant to processes involved in 
neurodegenerative disorders such as Alzheimer's disease. 

10 References 

Anderton B.H. 1999. Cuit. Biol. 9: 106-9. 

Capell A. Grunberg J. Pesold B. Diehlmann A. Citron M. Nixon R. Beyreuther K. 
Selkoe DJ. Haass C. 1998 J. Biol. Chem. 273: 3205-1 1. 
Daniel J.M. and Reynolds A.B. 1999. Mol. Cell. Biol. 19(5): 3614-23. 
15 Kang D.E., Soriano, S. ,Frosch M.P., Collins, T., Naruse, S., Sisodia, SS., Leibowitz, 
G., Levine, F., Koo, EJH. 1999.. J. Neurosci. 19: 4229-37 

Keirsebilck, A., Bonneacute, S., Staes, K., Hengel, J., Nollet, F.^ Reynolds, A., van 
Roy, F. 1998. Genomics 50: 129-146 

Haass, C. and Mandelkow, E. 1999. Trends in Cell Biol. 9: 241-244 
20 Levesque G., Yu, G., Nishimura, M., Zhang, D.M., Levesque, L.,Yu, H.„ Xu, D., 

Liang, Y., Rogaeva, E., Ikeda, M., Duthie, M.. Murgolo, N., Wang, L., VanderVere, 
P., Bayne, M.L., Strader, CD., Rommens, J.M., Fraser, P.E., St. George-Hyslop, P. 
1999 J. Neurochem. 72: 999-1008 

Ray, W.J., Yao, M., Nowotny, P., Mumm., J., Zhang, W., Wu, J.,Y., Kopan, R., 
25 Goate, A.M. 1999. Proc. Natl. Acad. Sci. USA 96: 3263-8 
Selkoe, D.J. 1998. Trends in Cell Biol. 8: 447-53 

Stahl, B., Diehlmann, A., Sudhof, T.C. 1999 J. Biol. Chem. 274: 9141-9148 
Takashima, A., Murayama, M., Murayama, O., Kohno, T., Honda, T., Yasutake, K., 
Nihonmatsu, N., Mercken, M., Yamaguchi, H., Sugihara, S., Wolozin, B. 1998. Proc. 
30 Natl. Acad. Sci. USA 9: 9637-41 

Weidemann, A. ,Paliga, K., Durrwang, U.,Czech, C.,Evin, G., Masters, C.L., 
Beyreuther, K. 1997. Nat. Med. 3: 328-32 



WO 01/67097 PCT/GBOl/01059 

Xia, W., Zhang, J., Perez,R., Koo, E.H., Selkoe, D.J. 1997. Proc. Natl. Acad. Sci 
USA 94: 8208-13 

Yu, G., Chen, F., Levesque, G., Nishimura, M., Zhang, DM., Levesque, L., 
Rogaeva, E., Xu, D, Liang, Y., Duthie, M., St George-Hyslop, P.H., Fraser P E 
1998. J. Biol. Chem. 273: 16470-5 

Zhang, Z., Hartmann. H., Do, V.M., Abramowski, D., Sturchler-Pierrat, C, 

Staufenbiel, M., Somrner, B., van de Wetering, M., Clevers, H., Saftig, P., De 

Strooper, B., He, X., Yankner, B.A. 1998. Nature. 395: 698-702 

Zhang, W., Han, S.W. .McKeel, D.W., Goate, A., Wu, J.Y. 1998 J. Neurosci 18- 

914-22 

Zhou, J., Liyanage. V.. Med.na. M., Ho, C, Simmons, A.D., Lovett, M., Kosik, K.S. 
1997a. Neuroreport. S: 2085-90 

Zhou J. Liyanage U. Medma M. Ho C. Simmons AD. Lovett M. Kosik KS. 1997b. 
Neuroreport. 8: 1489-94 



WO 01/67097 



31 

CLAIMS 



PCT/GB01/01059 



1 . A method of identifying a modulator of presenilin function, the 
method comprising: 

5 (i) providing 

(a) a polypeptide capable of binding a presenilin, which 
polypeptide comprises the amino acid sequence of SEQ ID 
NO: 1 or a functional variant thereof, or a fragment of either 
thereof which is capable of binding to presenilin; 

10 (b) a presenilin or a variant thereof or a fragment of either thereof 

capable of binding to a polypeptide which comprises the 
amino acid sequence of SEQ ID NO: 1 ; 
(c) a test substance 
under conditions that would permit binding of a polypeptide (a) to a 
15 presenilin (b) in the absence of the test substance; 

(ii) monitoring presenilin mediated activity; and 

(iii) determining thereby whether the test substance is a modulator of 
presenilin activity. 

2. A method according to claim 1 wherein step (ii) comprises monitoring 
20 the interaction between polypeptide (a) and presenilin (b). 

3. A method according to claim 2 wherein the modulator inhibits the 
binding of the polypeptide (a) to the presenilin (b). 

4. A method according to claim 2 wherein the modulator enhances the 
binding of the polypeptide (a) to the presenilin (b). 

25 5. A method according to any one of the preceding claims wherein the 

presenilin (b) is presenilin 1 or a said fragment thereof. 

6. A method according to any one of the preceding claims wherein step 
(i) comprises: 

(a) transfecting a cell with polynucleotides encoding a polypeptide (a) 
30 and a presenilin(b); 

(b) allowing the said cell to express the polypeptide (a) and presenilin 

(b) ; and 
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(c) 
1. 

comprises: 
(a) 

(b) 

8. 

comprises: 
(a) 

(b) 

(c) 

(d) 
(e) 

9. 



contacting the said cell with a test substance. 

A method according to any one of claims 1 to 5 wherein step (i) 

transfecting a ceil with polynucleotides encoding a polypeptide(a), a 
presenilin (b) and a test substance (c) which is a peptide and 
allowing the said cell to express the polypeptide (a), presenilin (b) and 
the peptide test substance (c). 

A method according to any one of claims 1 to 5 wherein step (i) 

transfecting a first cell with a polynucleotide encoding a polypeptide 

(a) ; 

transfecting a second cell with a polynucleotide encoding a presenilin 

(b) ; 

allowing said first cell to express the polypeptide(a) and said second 
cell to express the presenilin (b); 

preparing a cell extract from each of said first and second cell; and 
contacting said ceil extract from first cell and said cell extract from 
second cell in the presence of a test substance. 
A method for identification of a compound that modulates catenin 



pi 20 activity, which method comprises: 

(i) contacting a catenin p 1 20 polypeptide comprising 

(a) the amino acid sequence of SEQ ID NO: 1 ; or 

(b) a variant thereof or a fragment of either thereof which 
maintains a catenin pi 20 function; with a test compound and 

monitoring for catenin pl20 activity thereby determining whether the 
test compound is a modulator of catenin pi 20. 
A method according to claim 9 wherein the catenin pi 20 activity 
comprises the ability of the polypeptide to interact with a presenilin, or a variant 
thereof or a fragment of either thereof. 

11. A modulator identified by a method according to any one of the 
preceding claims for use in a method of treatment of the human or animal body by 
therapy. 



(ii) 



10. 



WO 01/67097 PCT/GB01/01059 

33 

12. Use of a modulator identified by a method according to any one of 
claims 1 to 10 in the manufacture of a medicament for the treatment or prophylaxis 
of a disorder that is responsive to modulation of presenilin activity. 

13. Use of a polypeptide capable of binding a presenilin, which 

5 polypeptide comprises the amino acid sequence of SEQ ID NO: 1 or a variant or 
fragment of SEQ ID NO: 1 which is capable of binding a presenilin in the 
manufacture of a medicament for the treatment, prophylaxis or diagnosis of a 
disorder that is responsive to modulation of presenilin activity. 

14. Use of a polynucleotide which encodes a polypeptide as defined in 
0 claim 13 or a catenin pi 20 polypeptide as defined in claim 9 comprising: 

(a) the sequence of SEQ ID NO: 2; or 

(b) a sequence that hybridizes to the complement of SEQ ID NO: 2; or 

(c) a sequence that is degenerate as a result of the genetic code with 
respect to a sequence defined in (a) or (b); or 

5 (d) a sequence that is complementary to a polynucleotide defined in (a), 

(b) or (c): 

in the manufacture of a medicament for the treatment, prophylaxis or diagnosis of a 
disorder that is responsive to modulation of presenilin activity. 

15. Use according to any one of claims 12 to 14 wherein the disorder is 
0 Alzheimer's disease. 

1 6. A method of treatment, prophylaxis or diagnosis of Alzheimer's 
disease which method comprises administering an effective amount of a polypeptide 
as defined in claim 1 3. a polynucleotide as defined in claim 14 or a modulator 
identified by a method according to any one of claims 1 to 10 to a human or animal 

5 in need of such treatment. 



WO 01/67097 1 PCT/GB01/01059 

SEQUENCE LISTING 

<110> GLAXO GROUP LIMITED 
<120> ASSAY 
<130> N79188A GCW/SER 

<140> - - - - 

<141> 

<150> GB 0005895.8 
<151> 2000-03-10 

<160> 6 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 939 
•'-212> PRT 

<213> Hcmo sapiens 
<400> 1 

Met Asp Asp Ser Glu Val Glu Ser Thr Ala Ser He Leu Ala Ser Val 

10 - 15 

Lys Glu Gin Glu Ala Gin Phe Glu Lys Leu Thr Arg Ala Leu Glu Glu 



Glu Arg Arg His Val Ser Ala Gin Leu Glu Arg Val Arg Val Ser Pro 

Jb 40 45 

oln asp Ala Asn Pro Leu Met Ala Asn Gly Thr Leu Thr Arg Arg His 

55 50 
Gin Asn Gly Arg Phe Val Gly Asp Ala Asp Leu Glu Arg Gin Lys Phe 

r ^ ^° ^5 on 

,er Asp Leu Lys Leu Asn Gly Pro Gin Asp His Ser His Leu Leu Tyr 

r 35 9 ° 05 

*er Tnr e Pro Arg Met Gin Glu Pro Gly Gin lie Val Glu Thr Tyr 

r -■ 120 105 110 

rnr ulu u !U Asp Pre Glu Gly Ala Met Ser Val Val Ser Val Glu Thr 

iib 120 12 5 

,er Asp Asp Gly Thr Thr Arg Arg Thr Glu Thr Thr Val Lys Lys Val 

135 

val Lys Thr Val Thr Tnr Arg Thr Val Gin Pro Val Ala Met Gly Pro 

155 i en 

Asp Gly Leu Pro Val Asp Ala Ser Ser Val Ser Asn Asn Tyr He Gin 

170 175 
Thr Leu Gly Arg Asp Phe Arg Lys Asn Gly Asn Gly Gly Pro Gly Pro 

180 185 ion 

-yr Val Gly Gin Ala Gly Thr Ala Thr Leu Pro Arg Asn Phe His Tyr 

193 200 205 

Pro Pro Asp Gly Tyr Ser Arg His Tyr Glu Asp Gly Tyr Pro Gly Gly 

215 220 
Ser Asp Asn Tyr Gly Ser Leu Ser Arg Val Thr Arg He Glu Glu Arg 
230 235 OAf\ 

Tyr Arg Pro Ser Met Glu Gly Tyr Arg Ala Pro Ser Arg Gin Asp Val 
245 250 255 

Tyr Gly Pro Gin Pro Gin Val Arg Val Gly Gly Ser Ser Val Asp Leu 
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260 265 270 

His Arg Phe His Pro Glu Pro Tyr Gly Leu Glu Asd Asd Gin Arg Ser 

275 280 " 285 

Met Gly Tyr Asp Asp .Leu Asp Tyr Glv Met Met Ser Asp Tyr Gly Thr 

290 295 300 

Ala Arg Arg Thr Gly Thr Pro Ser Asp Pro Arg Arg Arg Leu Arg Ser 
305 310 315 320 

Tyr Glu Asp Met Me Gly Glu Glu Val Pro Ser Asd Gin- Tyr Tyr Trp • 

325 330 335 

Ala Pro Leu Ala Gin His Glu Arg Gly Ser Leu Ala Ser Leu Asp Ser 

340 345 350 

Leu Arg Lys Gly Gly Pro Pro Pro Pro Asn TrD Arg Gin Pro Glu Leu 

355 360 365 

Pro Glu Val He Ala Met Leu Glv Phe Arg Leu Asd Ala Val Lys Ser 

370 375 380 

Asn Ala Ala Ala Tyr Leu Gin His Leu Cys Tyr Arg Asn Asp Lys Val 
385 390 395 400 

Lys Thr Asp Val Arg Lys Leu Lys Gly He Pro Val Leu Val Gly Leu 

405 410 415 

Leu Asp His Pro Lys Lys Glu Val His Leu Gly Ala Cys Gly Ala L*u 

420 425 430 

Lys Asn He Ser Phe Gly Arg Aso Gin Asp Asn Lvs He Ala lie Lys 

435 440 445 

Asn Cys Asp Gly Val Pro Ala Leu Val Arg Leu Leu Arg Lys Ala Arg 

450 455 460 

Asp Met Asp Leu Thr Glu Val He Thr Gly Thr Leu Trp Asn Leu Ser 
465 470 ' 475 480 

Ser His Asp Ser He Lys Met Glu He Val Asp His Ala Leu His Ala 

485 490 495 

Leu Thr Asp Glu Val He He Pro His Ser Gly Trp Glu Arg Glu Pro 

500 505 510 

Asn Glu Asp Cys Lys Pro Arg His He Glu Trp Glu Ser Val Leu Thr 

515 520 525 

Asn Thr Ala Gly Cys Leu Arg Asn Val Ser Ser Glu Arg Ser Glu Ala 

530 535 540 

Arg Arg Lys Leu Arg Glu Cys Asd Gly Leu Val Asp Ala Leu He Phe 
545 550 555 560 

He Val Gin Ala Glu lie Gly Gin Lys Asd Ser Asp Ser Lys Leu Val 

565 570 575 

Glu Asn Cys Val Cys Leu Leu Arg Asn Leu Ser Tyr Gin Val His Arg 

580 585 590 

Glu He Pro Gin Ala Glu Arg Tyr Gin Glu Ala Ala Pro Asn Val Ala 

595 600 605 

Asn Asn Thr Gly Pro His Ala Ala Ser Cys Phe Gly Ala Lys Lys Gly 

610 615 620 

Lys Asp Glu Trp Phe Ser Arg Gly Lys Lys Pro He Glu Asp Pro Ala 
625 630 635 640 

Asn Asp Thr Val Asp Phe Pro Lys Arg Thr Ser Pro Ala Arg Gly Tyr 

645 650 655 

Glu Leu Leu Phe Gin Pro Glu Val Val Arg He Tyr He Ser Leu Leu 

660 665 670 

Lys Glu Ser Lys Thr Pro Ala He Leu Glu Ala Ser Ala Gly Ala He 
675 680 685 



Gin Asn Leu Cys Ala Gly Arg Trp Thr Tvr Gly Arg Tyr He Arg Ser 

690 695 " 700 

Ala Leu Arg Gin Glu Lys Ala Leu Ser Ala He Ala Asp Leu Leu Thr 
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Leu A,a Val Asp Ala Arg Asn Lys Glu L^Ile Gly Lys His a? „ e 



705 ™ 715 

r Gl 
Gly 
Gin 

Asn pp. ser s.u Asp rhr »., Ser.Me le. As, ™ „. «„ Gln 



«. H,s «„ jg va, va, Lys fl ,a A , a ' Se ' r Gly „, Leu » 

" 730 
.la 

Pro Asn Leu Val Lys Asn Leu Pro Gly Gly Gin Gin Asn S er Trp 



775 70Q 
val lie Ala Glu Asn Leu Glu Ala Ala Lys Lys Leu Arg Glu Thr Gin 

Gly He Glu Lys Leu Va. Leu He Asn Lys 2 Gly Asn Arg Ser Z 

lys Glu Val Arg Ala Ala Ala Leu Val III Gin Thr He Trp ely Tyr 

i 8.25 OTA 

Lys Glu Leu Arg Lys Pro Leu Glu Lys Glu Gly Trp Lys Lys Ser Asp 
Phe Gin val Asn Leu Asn Asn Ala Ser Arg Ser Gin Ser Ser His Ser 
Tyr Asp Asp Ser Thr Leu Pro Leu He Asp Arg Asn Gin Lys Ser Asp 
Lys Lys Pro Asp Arg Glu Glu He Gin Met & Asn Met Gly Ser Z 

890 one 

Thr Lys Ser Leu Asp Asn Asn Tyr Ser Thr Pro Asn Glu Arg £J Asp 
His Asn Arg T hr L eu Asp Arg Ser Gly Asp Leu Gly Asa Met° Glu Pro 

Leu Lys Gly Thr Thr Pro Leu Met Gin Lys He ^ 
930 935 

<210> 2 
<211> 6226 
<212> DMA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (537) .{3356) 
<400> 2 

tttctcagca ccttqqcaaa arrrrnnnrr ^ 9aaaaatca actgccctgc tggatttgtc 180 
cacatttgag gtgSct 2 aSfl" aggactgatt "tagaactc 240 
gcaagtcaaa tttttg?St allctctrtr rlt ? 30 tgac 999aaa aggaagataa 300 

ESS d ? = ™* 5552 s 

«S£S SSS SSSS5S S££ JESTS S 

Met 
1 
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egg cgc cac 
Arg Arg Hi 
35 

gat gec aac 
Asp Ala Asn 
50 

aac ggc egg 
Asn Gly Arg 

gat ttg aaa 
Asp Leu Lys 

acc ate ccc 
Thr He Pro 
100 

gag gag gat 
Glu Glu Asp 
115 

gat gat ggg 
Asp Asp Glv 
130 

aag acr g:o 
L/s Thr val 

ggg ttg cct 
Gly Leu Pro 

ttg ggt cgt 
Leu Gly Arg 
180 

gtg ggg caa 
Val Gly Gin 
195 

cct gat get 
Pro Asd Gi v 
210 

gat ddc tut 

Asp Asn T ,r 



gtc 

s Va 

cca 
Pro 

ttt 
Phe 

etc 
Leu 
85 
agg 
Arg 

cct 
Pro 

acc 
Thr 

aca 
Thr 

gtg 

val 
165 
gat 

ASD 

get 
Ala 

tat 

Tyr 



ggc 
G i v 



agg ccc age 
Arg Pro Ser 

ggg ccc caa 
Gly Pro Gin 
260 

cgc ttt cat 
Arg Phe His 

275 
ggc tat gat 
Gly Tyr Asp 
290 

cgt egg act 
Arg Arg Thr 

gaa gac atg 
Glu Asp Met 

cct ttg gee 



atg 
Met 
245 
ccc 
Pro 

cca 
Pro 

gac 
Asp 

ggg 

Gly 

att 
He 
325 
cag 



eg gcg cag ctg gaa cgc gtc 
1 Ser Ala Gin Leu Glu Arg Va 
40 

atg gec aac ggc aca etc 
Met Ala Asn Gly Thr Leu 
55 60 
ggc gat get gac ctt gaa 
Gly Asp Ala Asp Leu Glu 
75 

gga ccc cag gat cac agt 
Gly Pro Gin Asp His Ser 
90 

cag gag ccg ggg cag att 
Gin Glu Pro Gly Gin He 
105 

gga gec atg tct gta gtc 
Gly Ala Met Ser Val Val 
120 

egg cgc aca gag acc acg 
Arg Arg Thr Glu Thr Thr 
135 140 
egg aca gta cag cca gtc 
Arg Thr Val Gin Pro Val 
155 

get tea tea gtt tct aac 
Ala Ser Ser Val Ser Asn 
170 

cgc aag aat ggc aat ggg 
Arg Lys Asn Gly Asn Gly 
185 

act get acc ctt cct agg 
Thr Ala Thr Leu Pro Arg 
200 

cgc cac tat gaa gat ggt 
Arg His Tyr Glu Asp Gly 
215 220 
ctg tec egg gtg acc cgc 
Leu Ser Arg Val Thr Arg 
235 

ggc tac egg gca cct agt 
Gly Tyr Arg Ala Pro Ser 
250 

gtt egg gta ggt ggg age 
Val Arg Val Gly Gly Ser 
265 

cct tat ggg eta gag gat 
Pro Tyr Gly Leu Glu Asp 
280 

gat tat get atg atg tct 
Asp Tyr Gly Met Met Ser 
295 300 
ccc tct gac cct cgt egg 
Pro Ser Asp Pro Arg Arg 
315 

gag gag gtg cca teg gat 
Glu Glu Val Pro Ser Asp 
330 

gag cga gga agt tta gca 



etc 
Leu 

gtg 
val 
70^ 
aac 
Asn 

atg 
Met 

gag 
Glu 

act 
Thr 

aca 
Thr 
150 
gat 
Asp 

ttc 
Phe 

ggc 

Gly 

agt 
Ser 



egg gtc tea cca caa 
1 Arg Val Ser Pro Gin 
45 

acc cgc egg cat cag 
Thr Arg Arg His Gin 
65 

aga cag aaa ttt tea 
Arg Gin Lys Phe Ser 
30 

cac ctt eta tat age 
His Leu Leu Tyr Ser 
95 

gtg gag acc tac acg 
Val Glu Thr Tyr Thr 
110 

tct gtg gag acc tea 
Ser Val Glu Thr Ser 
125 

gtc 

val 



ag: 
Ser 
230 
gaa 
Glu 

cag 
Gin 

gag 
Glu 

ctg 
Leu 

aca 
Thr 
310 

ggt 

Gly 
cat 



aag aaa gta gtg 
Lys Lys Val Val 
145 

get atg gga cca gac 
Ala Met Gly Pro Asp 
160 

aac tat ate cag act 
Asn Tyr He Gin Thr 
175 

gga cct ggt ccc tat 
Gly Pro Gly Pro Tyr 
190 

aac ttc cac tac cct 
Asn Phe His Tyr Pro 
205 

tat cca ggt ggc agt 
Tyr Pro Gly Gly Ser 
225 

att gag gag egg tat 
lie* Glu Glu Arg Tyr 
240 

aga cag gat gtg tat 
Arg Gin Asp Val Tyr 
255 

age gtg gat ctg cat 
Ser Val Asp Leu His 
270 

gac cag cgt agt atg 
Asp Gin Arg Ser Met 
285 

gat tat ggc act gee 
Asp Tyr Gly Thr Ala 
305 

cgc etc agg age tat 
Arg Leu Arg Ser Tvr 
320 

caa tac tac tgg get 
Gin Tyr Tyr Trp Ala 
335 

age ttg gat age ctg 



533 
731 
779 
827 
875 
923 
971 
1019 
1067 
1115 
1163 
1211 
1259 
1307 
1355 
1403 
1451 
1499 
1547 
1595 
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Pro Leu Ala Gin His Glu Arg G ly Ser Leu Ala Sen Leu Aso Sen Leu 

345 350 

360 365 

5»™Sfi£S5e2S2SSK5£S 1591 

- 375 3 80 1QC 

gca get gca tac ctg caa cac tta toe tar mr „^ 

«.*i.«.i>r S s..H„ Ull 5J*2;^S 1739 

ssgKaassaBsgjssa-. « 

430 

440 445 

ssasKBjgsggaisaaaS - 

SS2SSSffiJ2S5KS3KS3 2 °" 

ssKaJSJSssSEBasSsa - 

- - 505 
gaa gac tgt aag cca cgc cat att gag tgg gaa teg gtg etc acc aac ?T7i 
Glu Asp Cys Lys Pro Arg H,s He Glu Trp Glu Set ?.? Leu £ Asn 

520 525 



Sss52S =s?SE£s: «sas5 2,71 

540 eje 
egg aaa ct: egg gaa tgt gat ggc tta get gat gec etc att rrr Trt 
Arg Lys Leu Arg Glu Cys Asp Gly Leu Sal lp a" leu He Pne nl 



550 555 r fin 

KasgssaacssaaasB 2267 

5 57 0 575 

aac tgt gtt tgc ctt ctt egg aac tta tea tat caa gtt cac caa aaa 
Asn Cys Val Cys Leu Leu Arg Asn Leu Ser Tyr Gin Sal ms Arg Glu 
3HU 585 590 

?fp p" ?? 3 ?? 9 ° 9t t3C " a gag 9Ca 9" ccc aat gtt gec aac 2363 
He Pro Gin Ala Glu Arg Tyr Gin Glu Ala Ala Pro Asn !al SJ Asn 

330 5 00 605 

Ssasffissagsasaass 2411 

620 coc 
gat gag tgg ttc tec aga ggg aaa aaa cct ata gag gat cca oca aac »«, 
Asp Glu Trp Phe Ser Arg Gly Lys Lys Pro He Glu Asp Pro £a Asn 

635 640 
gat aca gtg gat ttc cct aaa aqa aca aat cm nrt 

Asp „, Asp Phe Pro L « £ S £ Pro a" 2? I? £ Iff 2507 
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645 650 655 

etc tta ttt cag cca gag gtg gtt egg ata tac ate tea ctt ctt aag 2555 
Leu Leu^Phe Gin Pro Glu Val Val Arg He Tyr He Ser Leu Leu Lys 

660 665 670 

gag age aag act cct gee ate eta gaa gee tea get gga get ate cag 2603 
Glu Ser Lys Thr Pro Ala lie Leu Glu Ala Ser Ala Gly Ala He Gin 

675 680 685 

aac ttg tgt gct ggg cgc tgg acg tat ggt cga tac ate cgc tct get 2.651 
Asn Leu Cys Ala Gly Arg Trp Thr fyr Gly Arg Tyr He Arg Ser Ala 
690 695 700 ' 705 

ctg cgt caa gag aag get ctt tct gee ata get gac etc ctg act aat 2699 
Leu Arg Gin Glu Lys Ala Leu Ser Ala He Ala Asp Leu Leu Thr Asn 

710 715 720 

gaa cat gaa egg gtg gtg aaa get gca tct gga gca ctg aga aac ctg 2747 
Glu His Glu Arg Val Val Lys Ala Ala Ser Gly Ala Leu Arg Asn Leu 

725 730 735 

get gtg gat get cgc aac aaa gaa tta att ggt aaa cat get att cct 2795 
Ala Val Asp Ala Arg Asn Lys Glu Leu He Gly Lys His Ala He Pro 

740 745 750 

aac ttg gta aag aat ctg cca gga gga cag cag aac tec tct tgg aat 2843 
Asn Leu Val Lys Asn Leu Pro Gly Gly Gin Gin Asn Ser Ser Trp Asn 

755 760 765 

ttc tct gag gac act gtc ate tct att ttg aac act ate aac gag gtt 2391 
Phe Ser Glu Asp Thr Val He Ser He Leu Asn Thr He Asn Glu Val 
770 775 780 785 

ate get gag aac ttg gag get gee aaa aag ctt cga gag aca cag ggt 2939 
lie Ala Glu Asn Leu Glu Ala Ala Lys Lys Leu Arg Glu Thr Gin Gly 

790 795 800 

att gag aag ctg gtg ttg ate aac aaa tea ggg aac cgc tea gaa aaa 2987 
He Glu Lys Leu Val Leu He Asn Lys Ser Gly Asn Arg Ser Glu Lys 

805 810 815 

gaa gtt cga gca gca gca ctt gta tta cag aca ate tgg gga tat aag 3035 
Glu Val Arg Ala Ala Ala Leu Val Leu Gin Thr He Trp Gly Tyr Lys 

820 825 830 

gaa ctg egg aag cca ctg gaa aaa gaa gga tgg aag aaa tea gac ttt 3083 
Glu Leu Arg Lys Pro Leu Glu Lys Glu Gly Trp Lys Lys Ser Asp Phe 

835 840 845 

cag gtg aat eta aac aat get tec cga age cag age agt cat tea tat 3131 
Gin Val Asn Leu Asn Asn Ala Ser Arg Ser Gin Ser Ser His Ser Tyr 
850 . 855 860 865 

gat gat agt act etc cct etc att gac egg aac caa aaa tea gat aag 3179 
Asp Asp Ser Thr Leu Pro Leu He Asp Arg Asn Gin Lys Ser Asp Lys 

870 875 880 

aaa cct gat egg gaa gaa att cag atg age aat atg gga tea aac aca 3227 
Lys Pro Asp Arg Glu Glu He Gin Met Ser Asn Met Gly Ser Asn Thr 

885 890 895 

aaa tea eta gat aac aac tat tec aca cca aat gag aga gga gac cac 3275 
Lys Ser Leu Asp Asn Asn Tyr Ser Thr Pro Asn Glu Arg Gly Asp His 

900 905 910 

aat aga aca ctg gat cga teg ggg gat eta ggc gac atg gag cca ttg 3323 
Asn Arg Thr Leu Asp Arg Ser Gly Asp Leu Gly Asp Met Glu Pro Leu 

915 920 925 

aag gga aca aca ccc ttg atg cag aag att tag caccactatc tccgttccat 3376 
Lys Gly Thr Thr Pro Leu Met Gin Lys He 
930 935 - 940 

ctgggcttat atgtactttt attttttggt ggtgaaattg actgatgatt ttcctttttc 3436 
ttcgctggac tattgtgcca actgccaggc tgcctcctgc ccttacagcc ctaagtggct 3496 
gccttctttc catcaactcc caacttcttc ctgtgaagtt taattgtctc aacgcctccc 3556 
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cctcccccat tccctccatt tttctcccaa gaaacctgac tcaattattt qcatatttto ifiifi 
agaaactgct gcagattagt tctttttgcc agttttccct SSSi^SSSiISi; 

cttattccta ataartAttr SSf ttttagagag gggaaagtgt gagctcttcc 3856 
t-ttaticcta atggctattt ttgaagcaaa gaaggccagc aacattaaca catarrArrt ioT* 
ggcaaaggac ccttgagtaa gtgaaggtct cctaaaactg ggattaagaa acc?t cS 

■ SSS SS SSS 3S5SS5 ? 
SSS SSS? S5S5 322 SSS S i 

gaagacctct aggaggagct agtaggaatg tacatgaagc aattag?ctg S tl)t 

SSS = 5= SSS SSS II 
SS S?SS SSS' £S S SSS 
52 ? ?S S?S?a? S" ST CCC " ttctcataat 4 516 

gagagaa?" SSS? SSS? ccctaaat « "gaaagaag a g aa g tgacc 4576 
?SoctS ™Sf»f attgaggatt ggtatagcca tgatttcagt cacagcaagc 4636 
ratgctcaa cagcatatgg gtgggotttg gcaaaaatcc tattcttatu aatctraain a££ 
taaggctggt aagagaagtg agtggtgtga ctcttactcc SSS? SStS Ss 

s ss ssss s?ss tctccccaat tctc «"" ss ; : 

SSS. S ale SSS SS?S S" 9 "" W6 

atctaatcta aaagctctgt tecatgeaa? SSS Sue" S 

S SSS !SSS SSS ????????« SSS ! 5 

sss sss s?ss sss ?sss si 
sss; sss? sss sr- c ™ s ~ « 

™ ccaS S Sact SSS SSS SSS? IS 

111 III:: ctttct 9 tct tQttaatgct tttaaaaaca aatgagtttt ttatataaat 

SS2 SSS SEE SSS SSS SSS 

Ess s 3 ? ~ = = HI 

SSS SSS SSS SSS? SSS? SSjS £ 

aaggcccacr gtaatacgta gctctmaa atataacact t?g,aSga aSSgS ^6 
ctaccaatcc caactaegta ataggaaaat gtaggatcaa aaggcccatg tatat»aor» vxx 
SSS? ??SSa? SS"" a= SSS 

? £a : SSS SSS SSS? SSS SSS ss 
SSS SSS? SSS tttat9t9M awttc? ' ™ aa ™ 

6226 

<210> 3 

<211> 467 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Met Thr Glu Leu Pro Ala Pro Leu Sen Tyr Phe Gin Asn Ala Gin Met 

10 1C 

Sen Glu Asp Asn His Leu Ser Asn Thr Val Arg Ser Gin Asn Asp Asn 
Arg Glu Arg Gin Glu His Asn Asp Arg Arg Ser Leu Gly His Pro Glu 



WO 01/67097 8 PCT/GB01/01059 

35 40 45 

Pro Leu Ser Asn Gly Arg Pro Gin Gly Asn Ser Arg Gin Val Val Glu 
50 55 60 

Gin Asp Glu Glu Glu Asp Glu Glu Leu Thr Leu Lys Tyr Gly Ala Lys 
65 70 75 80 

His Val lie Met Leu Phe Val Pro Val Thr Leu Cys Met Val Val Val 

85 90 95 

Val Ala Thr lie Lys Ser Val Ser Phe Tyr Thr Arg Lys Asp Gly Gin 

loo io5" ' no 

Leu He Tyr Thr Pro Phe Thr Glu Asp Thr Glu Thr Val Gly Gin Arg 

115 120 125 

Ala Leu His Ser He Leu Asn Ala Ala He Met He Ser Val He Val 

130 135 140 

Val Met Thr He Leu Leu Val Val Leu Tyr Lys Tyr Arg Cys Tyr Lys 
M5 150 155 " ~ 160 

Val He His Ala Trp Leu He He Ser Ser Leu Leu Leu Leu Phe Phe 

165 170 175 

Phe Ser Phe He Tyr Leu Gly Glu Val Phe Lys Thr Tyr Asn Val Ala 

180 185 190 

Val Asp Tyr He Thr Val Ala Leu Leu He Trp Asn Phe Gly Val Val 

195 200 205 

Gly Met He Ser He His Trp Lys Gly Pro Leu Arg Leu Gin Gin Ala 

210 215 220 

Tyr Leu He Met He Ser Ala Leu Met Ala Leu Val Phe He Lys Tyr 
225 230 235 ' 240 

Leu Pro Glu Trp Thr Ala Trp Leu He Leu Ala Val He Ser Val Tyr 

245 250 255 

Asp Leu Val Ala Val Leu Cys Pro Lys Gly Pro Leu Arg Met Leu Val 

260 265 270 

Glu Thr Ala Gin Glu Arg Asn Glu Thr Leu Phe Pro Ala Leu He Tyr 

275 280 285 

Ser Ser Thr Met Val Trp Leu Val Asn Met Ala Glu Gly Asp Pro Glu 

290 295 300 

Ala Gin Arg Arg Val Ser Lys Asn Ser Lys Tyr Asn Ala Glu Ser Thr 
305 310 315 320 

Glu Arg Glu Ser Gin Asp Thr Val Ala Glu Asn Asp Asp Gly Gly Phe 

325 330 335 

Ser Glu Glu Trp Glu Ala Gin Arg Asp Ser His Leu Gly Pro His Arg 

340 345 350 

Ser Thr Pro Glu Ser Arg Ala Ala Val Gin Glu Leu Ser Ser Ser He 

355 360 365 

Leu Ala Gly Glu Asp Pro Glu Glu Arg Gly Val Lys Leu Gly Leu Gly 

370 375 380 

Asp Phe He Phe Tyr Ser Val Leu Val Gly Lys Ala Ser Ala Thr Ala 
385 390 395 400 

Ser Gly Asp Trp Asn Thr Thr He Ala Cys Phe Val Ala He Leu He 

405 410 415 

Gly Leu Cys Leu Thr Leu Leu Leu Leu Ala He Phe Lys Lys Ala Leu 

420 425 430 

Pro Ala Leu Pro lie Ser He Thr Phe Gly Leu Val Phe Tyr Phe Ala 

435 440 445 

Thr Asp Tyr Leu Val Gin Pro Phe Met Asp Gin Leu Ala Phe His Gin 

450 455 460 

Phe Tyr He 
465 



<210> 4 
<211> 2765 
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<212> ONA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (249). . (1652) 



<400> 4 

tgggacaggc " ag~ctccgggg tccgcggttt cacatcggaa acaaaacagc ggctggtctg 60 

gaaggaacct gagctacgag ccgcggcggc agcggggcgg cggggaagcg tatacctaat 120 

ctgggagcct gcaagtgaca acagcctttg cggtccttag acagcttggc ctggaggaga 180 

acacatgaaa gaaagaacct caagaggctt tgttttctgt gaaacagtat ttctatacag 240 

ttgctcca atg aca gag tta cct gca ccg ttg tec tac ttc cag aat gca 290 
Met Thr Glu Leu Pro Ala Pro Leu Ser Tyr Phe Gin Asn Ala 
1 5 10 

cag atg tct gag gac aac cac ctg age aat act gta cgt age cag aat 338 
uln Met oer ulu As D AS n His Leu Ser Asn Thr Val Arg Ser Gin Asn 
15 20 25 30 

gac aat aga gaa cog cag gag cac aac gac aga egg age ctt ggc cac 386 
Asp Asn Arg ulu Ar 2 u ; n Glu His Asn Asp Arg Arg Ser Leu Gly His 

35 40 45 

cct gag cca tta tct aat gga cga ccc cag ggt aac tec egg cag gtg 434 
Pro Glu Pro Leu ier Asn Gly Arg Pro Gin Gly Asn Ser Arg Gin Val 

50 55 60 

gtg gag caa gat cag gaa gaa gat gag gag ctg aca ttg aaa tat ggc 482 
Val Glu Gin Asp Glu Glu Glu Asp Glu Glu Leu Thr Leu Lys Tyr Gly 

65 70 75 

gcc aag cat gtg ate a:g etc ttt gtc cct gtg act etc tgc atg gtg 530 
Ala Lys His Val He Met Leu Phe Val Pro Val Thr Leu Cys Met Val 

80 85 go 

gtg gtc gtg get acc att aag tea gtc age ttt tat ace egg aag gat 578 
Val Val Val Ala Thr n e Lys Se r Val Ser Phe Tyr Thr Arg Lys Asp 
95 100 105 no 

ggg cag eta ate tat acc cca ttc aca gaa gat acc gag act gtg ggc 626 
Gly Gin Leu He Tyr Thr Pro Phe Thr Glu Asp Thr Glu Thr Val Gly 

115 120 125 

cag aga gcr ctg cac tea att ctg aat get gcc ate atg ate agt gtc 574 
Gin Arg A-a Leu h.„ s e r He Leu Asn Ala Ala He Met He Ser Val 

130 135 140 

!" f 5 l 1 * atg act Jt: ctc "9 Qtg gtt ctg tat aaa tac agg tgc 722 
Fie Val val Met Thr n e Leu Leu Val Val Leu Tyr Lys Tyr Arg Cys 

1*5 150 155 

tat aag gtc ate cat gee teg ctt att ata tea tct eta ttg ttg ctg 770 
Tyr Lys Val He His Ala Trp Leu He He Ser Ser Leu Leu Leu Leu 
160 165 170 

11° ll l l tZ tCa ttC aCt tac ttg 999 gaa 9t9 tu aaa acc tat aac 818 
Phe Phe Phe :>er Pne He Tyr Leu Gly Glu Val Phe Lys Thr Tyr Asn 

175 180 185 190 

gtt get gtg gac tac act act gtt gca ctc ctg ate tgg aat ttt ggt 866 

Val Ala Val Asp tyr He Thr Val Ala Leu Leu He Trp Asn Phe Gly 

135 200 205 

gtg gtg gga atg att tec att cac tgg aaa ggt cca ctt cga ctc cag 914 
Val Val Gly Met He Ser He His Trp Lys Gly Pro Leu Arg Leu Gin 

210 215 220 

cag gca tat etc att atg att agt gcc ctc atg gcc ctg gtg ttt ate 962 
Gin Ala lyr Leu He Met He Ser Ala Leu Met Ala Leu Val Phe He 
225 230 235 
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aag tac etc cct gaa tgg act gcg egg etc ate ttg get gtg att tea 1010 
Lys Tyr Leu Pro Glu Trp Thr Ala Trp Leu He Leu Ala Val He Ser 
240 ?45 250 

gta tat gat tta gtg get gtt ttg tgt ccg aaa ggt cca ctt cgt atg 1058 
Val Tyr Asp Leu Val Ala Val Leu Cys Pro Lys Gly Pro Leu Arg Met 
255 260 265 270 

ctg gtt gaa aca get cag gag aga aat gaa acg ctt ttt cca get etc 1106 
Leu Val Glu Thr Ala Gin Glu Arg Asn Glu Thr Leu Phe Pro Ala- Leu * 

275 280 285 

att tac tec tea aca atg gtg tgg ttg gtg aat atg gca gaa gga gac 1154 
He Tyr Ser Ser Thr Met Val Trp Leu Val Asn Met Ala Glu Gly Asd 

29° 295 300 

ccg gaa get caa agg aga gta tec aaa aat tec aag tat aat gca gaa 1202 
Pro Glu Ala Gin Arg Arg Val Ser Lys Asn Ser Lys Tyr Asn Ala Glu 

305 310 315 

age aca gaa agg gag tea caa gac act gtt gca gag aat gat gat qqc 1250 
Ser Thr Glu Arg Glu Ser Gin Asp Thr Val Ala Glu Asn Asp Asp" Gly" 

320 325 330 

ggg ttc agt gag gaa tgg gaa gee cag agg gac agt cat eta ggg cct 1298 
b y Phe Ser Glu Glu Trp Glu Ala Gin Arg Asp Ser His Leu Gly Pro 
335 340 345 350 

cat cgc tct aca cct gag tea cga get get gtc cag gaa ctt tec age 1346 
His Arg Ser Thr Pro Glu Ser Arg Ala Ala Val Gin Glu Leu Ser Ser 

355 360 365 

agt ate etc get ggt gaa gac cca gag gaa agg gga gta aaa ctt gga 1394 
Ser He Leu Ala Gly Glu Asp Pro Glu Glu Arg Gly Val Lys Leu Gly 

370 375 ' 380 

ttg gga gat ttc att ttc tac agt gtt ctg gtt ggt aaa gee tea gca 1442 
Leu Gly Asp Phe lie Phe Tyr Ser Val Leu Val Gly Lys Ala Ser Ala 

385 390 395 

aca gee agt gga gac tgg aac aca ace ata gee tgt ttc gta gec ata 1490 
Thr Ala Ser Gly Asp Trp Asn Thr Thr He Ala Cys Phe Val Ala He 

400 405 410 

tta att ggt ttg tgc ctt aca tta tta etc ctt gee att ttc aag aaa 1538 
Leu He Gly Leu Cys Leu Thr Leu Leu Leu Leu Ala He Phe Lys Lvs 
415 '420 425 430 

!?! f 9 C " C " 3tC tCC atC acc m 999 ctt gtt ttc tac 1586 

Ala Leu Pro Ala Leu Pro He Ser He Thr Phe Gly Leu Val Phe Tyr 
435 440 445 

ll Z 93t l dt Ctt 9ta cag cct m at 9 9ac caa tta gca ttc 1634 

Phe Ala Thr Asp Tyr Leu Val Gin Pro Phe Met Asp Gin Leu Ala Phe 

450 455 460 

cat caa ttt tat ate tag catatttgeg gttagaatcc catggatgtt 1682 
His Gin Phe Tyr He 
465 



tcttctttga ctataaccaa atctggggag 
aacaaagtca agattccegg ctggactttt 
ttgeactatt ggactttgga aggaggtgee 
gcagtggact gtgtccctcg gtgeagaaac 
tatgataggc ccggaagttg ctgtgcccca 
tttcactgac actgegaact ctcaggacta 
taaaccaaac ggaactcttc atcttaaact 
attaactgaa ttctgaactt ttcaggaggt 
aatggggaat ggagaggtgg gcaggggttc 
catccttttt aaatgagact tgttttcccc 
gectttggea attcttcttc tcaagcactg 
ttcccaaggc cagtctgaac ctgaggttgc 



gacaaaggtg attttcctgt gtccacatct 1742 
gcagcttcct tccaagtctt cctgaccacc 1802 
tatagaaaac gattttgaac atacttcatc 1862 
taccagattt gagggacgag gtcaaggaga 1922 
tcagcagctt gacgcgtggt cacaggacga 1982 
ccggttacca agaggttagg tgaagtggtt 2042 
acacgttgaa aatcaaccca ataattctgt 2102 
actgtgagga agagcaggca ccagcagcag 2162 
cagcttccct ttgatttttt getgeagact 2222 
tctctttgag tcaagtcaaa tatgtagatt 2282 
acactcatta ccgtctgtga ttgecattte 2342 
tttatcctaa aagttttaac ctcaggttcc 2402 
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aaattcagta aattttggaa acagtacagc tatttctcat caattctcta tC3tattgaa 2462 
gtcaaatttg gattttccac caaattctga atttgtagac atacttgtac gctcacttgc 2522 
ccccagatgc ctcctctgtc ctcattcttc tctcccacac aagcagtctt tttctacagc 2582 
cagtaaggca gctctgtcrt ggtagcagat ggtcccatta ttctagggtc ttactctttg 2642 
tatgatgaaa agaatgtgtt atgaatcggt gctgtcagcc ctgctgtcag accttcttcc 2702 
acagcaaatg agatgtatgc ccaaagcggt agaattaaag aagagtaaaa tggctgttga 2762 
a 9C * - 2765 

<210> 5" - 
<211> 448 
<212> PRT 

<213> Homo sapiens 



<400> 5 



Met Leu Thr Phe Met Ala Ser Asp Ser Glu Glu Glu Val Cys Asp Glu 

1 5 io 15 

Arg Thr Ser Leu Met Ser Ala Glu Ser Pro Thr Pro Arg Ser Cys Gin 

20 25 30 

Glu Gly Arg Gin Gly Pro Glu Asp Gly Glu Asn Thr Ala Gin Trp Arg 

35 40 45 

Ser Gin Glu Asn Glu Glu Asp Gly Glu Glu Asp Pro Asp Arg Tyr Val 

50 55 60 

Cys Ser Gly Val Pro Gly Arg Pro Pro Gly Leu Glu Glu Glu Leu Thr 
65 70 75 80 

Leu Lys Tyr Gly Ala Lys His Val lie Met Leu Phe Val Pro Val Thr 

85 90 95 

Leu Cys Met He Val Val Val Ala Thr lie Lys Ser Val Arg Phe Tyr 

100 105 no 

Thr Glu Lys Asn Gly Gin Leu He Tyr Thr Thr Phe Thr Glu Asp Thr 

115 120 125 

Pro Ser Val Gly Gin Arg Leu Leu Asn Ser Val Leu Asn Thr Leu He 

130 135 140 

Met He Ser Val lie Val Val Met Thr He Phe Leu Val Val Leu Tyr 
145 150 155 160 

Lys Tyr Arg Cys Tyr Lys Phe He His Gly Trp Leu He Met Ser Ser 

165 170 175 

Leu Met Leu Leu Phe Leu Phe Thr Tyr He Tyr Leu Gly Glu Val Leu 

180 185 190 

Lys Thr Tyr Asn Val Ala Met Asp Tyr Pro Thr Leu Leu Leu Thr Val 

195 200 205 

Trp Asn Phe Gly Ala Val Gly Met Val Cys He His Trp Lys Gly Pro 

210 215 220 

Leu Val Leu Gin Gin Ala Tyr Leu He Met He Ser Ala Leu Met Ala 
225 230 235 240 

Leu Val Phe He Lys Tyr Leu Pro Glu Trp Ser Ala Trp Val He Leu 

245 250 255 

Gly Ala He Ser Val Tyr Asp Leu Val Ala Val Leu Cys Pro Lys Gly 

260 265 270 

Pro Leu Arg Met Leu Val Glu Thr Ala Gin Glu Arg Asn Glu Pro He 

275 280 . 285 

Phe Pro Ala Leu He Tyr Ser Ser Ala Met Val Trp Thr Val Gly Met 

290 295 300 

Ala Lys Leu Asp Pro Ser Ser Gin Gly Ala Leu Gin Leu Pro Tyr Asp 
305 310 315 320 

Pro Glu Met Glu Glu Asp Ser Tyr Asp Ser Phe Gly Glu Pro Ser Tyr 

325 330 335 

Pro Glu Val Phe Giu Pro Pro Leu Thr Gly Tyr Pro Gly Glu Glu Leu 
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Glu Glu Glu Glu Glu Arg G.y Val Lys Leu 61, Leu Gly Asp Phe He 

360 ~if.^ 
Phe Tyr Sen Val Leu Val Gly Lys Ala Ala Ala Thr Gly Ser Gly Asp 



Trp Asn Thr Thr Leu Ala Cys Phe Val Ala He Leu He Gly Leu Cys 

395 /inn 
Leu Thr Leu Leu Leu Leu Ala Val Phe Lys Lys Ala Leu Pro Ala Leu 

410 aic 
Pro lie Ser lie Thr Phe Gly Leu He Phe Tyr Phe Ser Thr Asp Asn 

425 Ann 

Leu Val Arg Pro Phe Met Asp Thr Leu Ala Ser His Gin Leu Tyr He 
Ji> 44 « 445 

<210> 6 
<211> 2236 
<212> ONA 
<213> Homo saoiens 

<220> 
<221> CDS 
<222> (368) 

<400> 6 

Cgga9:aggc atttccagca 9tgaggagac agccagaagc aagctattgc, 60 

agctgaagga acctgagaca gaagctagtc ccccctctga attttactga tqaaaaaaS So 

gaggccacag agctaaagtg acttttccca aggtcgccca gcgaggacgt ggqaStctc 80 

agcg 9 tgS £*£2 ™ t9 ~< 9 5522 40 

Ldgcgcigcc ct. w.cgaaa gccagggagc atcattcatt tagcctqcta aaaaaaaa^ inn 

cagggct atg c.c a.a : atg gcc tct gac age gag gaa gaa gtg tgt 409 
Met Leu .nr Phe Met Ala Ser Asp Ser Glu Glu Glu Val Cys 
5 10 

~ 40 4 c 

egg aga age cag gag aac gag gag gac ggt gag gag gac cct gac cqc 553 
Trp Arg Ser Gin Glu Asn Glu Glu Asp Gl, Glu Glu Asp Pro Sp Arg 



40 45 
ggt gag gag gac cct < 
- G] y Glu Glu Asp Pro 
55 60 

70 75 

- J 85 90 



!S ?? !" t9 ^ 5C at9 aCC 9Cg 9Cg gta ? cc acc ate aag tct gtg coc 697 
VI Thr Leu Cys Met lie Val Val Val Ala Thr He Lys Ser ?a? A?g 

^ * 100 10 5 110 

JJp j 3C 9 ? 9 aag aat 993 Cag ctc atc tac acg aca ttc act gag 745 
Phe Tyr Thr Glu Lys Asn Gly Gin Leu He Tyr Th? Thr Phe Thr Glu 

115 120 125 

o CC c Cg 9l ? " C Cag cgc ctc ctc aa c tec gtg ctg aac acc 793 

Asp Thr Pro Ser Val Gly Gin Arg Leu Leu Asn Ser ?al Leu Asn Thr 93 

135 140 

ctc atc atg atc age gtc atc gtg gtt atg acc atc ttc ttg gtg gtg 841 
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Leu He Met He Ser Val He Val Val Met Thr lie Phe Leu Val Val 

145 150 155 

etc tac aag tac cgc tgc tac aag ttc ate cat ggc tgg ttg ate ato 889 
Leu Tyr Lys Tyr Arg Cys Tyr Lys Phe He His Gly Trp Leu He Met 

150 165 170 

tct tea ctg atg ctg ctg ttc etc ttc acc tat ate tac ctt ggg gaa 937 
Sen Ser Leu Met Leu Leu Phe Leu Phe Thr Tyr lie Tyr Leu Gly Glu 
V 7 °. . . 180 .... . 185 190 

gtg etc aag acc tac aat gtg gec atg gac tac ccc acc etc ttg ctg' 985 
Val Leu Lys Thr Tyr Asn Val Ala Met Asp Tyr Pro Thr Leu Leu Leu 

195 200 205 

act gtc tgg aac ttc ggg gca gtg ggc atg gtg tgc ate cac tgg aag 1033 
Thr val Trp Asn Phe Gly Ala Val Gly Met Val Cys He His Trp Lys 

210 215 2 20 

ggc cct ctg gtg ctg cag cag gec tac etc ate atg ate agt gcg etc 1081 
Gly Pro Leu Val Leu Gin Gin Ala Tyr Leu He Met He Ser Zl Leu 

225 230 235 

atg gec eta gtg ttc ate aag tac etc cca gag tgg tec acg tgg gtc 1129 
Met Ala Leu Val Phe He Lys Tyr Leu Pro Glu Trp Ser Ala Trp Sal 

240 245 250 

ate ctg ggc gec ate tct gtg tat gat etc gtg get gtg ctg tgt ccc 1177 
He Leu Gly Aia lie Ser Val Tyr Asp Leu Val Ala Val Leu Cys Pro 
2So 260 265 270 

aaa ggg cct ctg aga atg ctg gta gaa act gee cag gag aga aat gag 1225 
Lys Gly Pro Leu Arg Met Leu Val Glu Thr Ala Gin Glu Arg Asn Glu 

275 280 285 

ccc ata ttc cct gec ctg ata tac tea tct gee atg gtg tgg acg gtt 1273 
Pro He Pne Pro Ala Leu He Tyr Ser Ser Ala Met Val Trp £? ?" 
29° 295 300 

r? C !!? 339 Ct9 93C CCC tCC tct "9 99t gee etc cag etc ccc 1321 
Gly Met Ala Lys Leu Asp Pro Ser Ser Gin Gly Ala Leu Gin Leu Pro 

305 310 315 

tac gac ccg gag atg gaa gaa gac tec tat gac agt ttt ggg gag cct 1369 
Tyr Asp Pro Glu Met Glu Glu Asp Ser Tyr Asp Ser Phe Gly Glu Pro 
320 325 330 

Hi l K r*, a 9t ? tU g39 CCt CCC ttg act 99 c tac cca ggg gag 1417 
>er , yr -ro Glu Val Phe Glu Pro Pro Leu Thr Gly Tyr Pro Gly Glu 

335 340 345 350 

gag ctg gag gaa gag gag gaa agg ggc gtg aag ctt ggc etc ggg gac 1465 
Glu Leu Glu Glu Glu Glu Glu Arg Gly Val Lys Leu Gly Leu Gly Asp 
355 360 365 

m C o^ C r aC t 9t 9t9 Ctg 9tg 990 aag gcg gct 9" acg ggc age 1513 
Phe He Phe Tyr Ser Val Leu Val Gly Lys Ala Ala Ala Thr Gly Ser 

370 375 380 

ggg gac tgg aat acc acg ctg gec tgc ttc gtg gec ate etc att ggc 1561 
Gly Asp Trp Asn Thr Thr Leu Ala Cys Phe Val Ala He Leu He Gly 
385 390 395 ' 

ttg tgt ctg acc etc ctg ctg ctt get gtg ttc aag aag gcg ctg ccc 1609 
Leu Cys Leu Tnr Leu Leu Leu Leu Ala Val Phe Lys Lys Ala Leu Pro 

400 405 410 

gee etc ccc ate tec ate acg ttc ggg etc ate ttt tac ttc tec acg 1657 
Ala Leu Pro He Ser He Thr Phe Gly Leu He Phe Tyr Phe Ser Th? 
415 420 425 430 

gac aac ctg gtg egg ccg ttc atg gac acc ctg gee tec cat cag etc 1705 
Asp Asn Leu Val Arg Pro Phe Met Asp Thr Leu Ala Ser "s Gin Leu 

43 5 440 445 

j a y C r t9a g 99acatggt gtgecacagg ctgcaagctg cagggaattt " 1754 
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tcattggatg cagttgtata gttttacact ctagtgccat atatttttaa gacttttctt 1814 
tccttaaaaa ataaagtacg tgtttacttg gtgaggagga ggcagaacca gctctttggt 1874 
gccagctgtt tcatcaccag actttggctc ccgctttggg gagcgcctcg cttcacggac 1934 
aggaagcaca gcaggtttat ccagatgaac tgagaaggtc agattagggc ggggagaaga 1994 
gcatccggca tgagggctga gatgcgcaaa gagtgtgctc gggagtggcc cctggcacct 2054 
gggtgctctg gctggagagg aaaagccagt tccctacgag gagtgttccc aatgctttgt 2114 
ccatgatgtc cttgttattt tattgccttt ag.aaactgag tcctgttctt gttacggcag 2174 
tcacactgct gggaagtggc ttaatagtaa tatcaataaa tagatgagtc ctgttagaaa 2234 
aa ' 2236 
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